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Tape Dimension IIL is the tt Siete tri-density The Tape Dimension III controller supports up to four 
ng 


o 

(GCR/PE/NRZ1I) aw controller on the —dual-density (Pertec compatible) drives or four tri-den- 
market. The combination of its unique asynchronous sity (STC or TELEX type) drives. Itis a single embedded 

handshake design and 64K byte buffer enables it to ta hex PC board that fits into any standard SPC slot. 

full advantage of bus sp eeds wi ' 

data late conditions in o} 
makes Tape Dimensic 
systems with high speed disk 
The 64K byte buffe provides 


his new dimension in tape transfer dramatically re- 
uces the ratio of protocol to ee ation data. And 
emendously increases the efficiency of Unibus utili- 
ation. Find out how much it canim e your system 
te, hroughput. Call or write today for complete informa- 
ly ion. WESTERN PERIPHERALS, Div. of WESPERCORP, 
Hl 4321 New Myford Rd., Tustin, CA 92680, Tel: (714) 

30-6250, Cable WESPER, TWX 910-595-1775, Telex 472 

0629. Wesper International GmbH, Tel: 089. 982420. 
lud- per International (U.K.), Tel: (44) 0276-20934. 


TS-1, VAX and PDP-1 are trademarks of Digital Equipmen Jorporation } 
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You've concluded that you need the performance and capacity that only 
an 8 inch Winchester drive can provide. Which one should you buy? 


There are 109 different models available. 

Of this 109, only 39 are 8 inch floppy form-factor compatible. 

28 of these 109 perform an average seek in 30 milliseconds or less. 
And of this 109, only 17 offer true SMD compatibility. 

Puzzled? 


Only one company provides a disk 
drive with all the features — 


Kennedy 
and Model 7300 


with the right size, the right interfaces and the right price. 


Write or give us a call. KENNEDY 


An Allegheny International Company 

1600 Shamrock Ave., Monrovia, CA. 91016 
(213) 357-8831 TELEX 472-0116 KENNEDY 
TWX 910-585-3249 


KENNEDY 


SPECIFICATIONS: 


KENNEDY 7221( * 41 and 82 MB Capacities 
* Rotary Voice Coil 30 msec 


(C) 
GNNNNUOOOODEDOGU0008 moan 
- s « SMD, ANSI or PICO BUS 
Interfaces 
* 1209 KByte/sec. transfer rate 
* Available 30-45 days ARO 
* Q100: $2,560/$3,195 


ENNEDY: QUALITY: COUNT ON IT 
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A Quality Family of 


Disk Drives. 
EXCLUSIV ELY 


FROM FUJLTSU. 


Quality means more when it comes from Fujitsu. 
You get the latest Winchester disk drive technology. A total vertically 


integrated manufacturing operation. And a solid reputation built on more 


than 15 years experience. 


Our broad base of customers have come to rely on this level of 
quality over the years. Quality that’s exclusively Fujitsu. 


For more information contact the 
Fujitsu America Sales Office nearest 
you. Northwest: (408) 988-8100, 


East Coast: (617) 229-6310, Southwest: 
(714) 558-8757, Europe: 44-1/493-1138. 


HIGH PERFORMANCE 


MICRO-STORAGE 


A B Cc D E 

14-INCH 10%-INCH 8-INCH 8-INCH 5Y%s-INCH 
CAPACITY (M Bytes) 84 | 168 / 336 474 48 / 84 / 168 24/48 7/131 20/27 = 
AVG.POSITIONING TIME (ms) 27 a | 18 20 70 83 
TRANSFER RATE (K Bytes/s) 1,012 1,859 1,229 593 / 1,200* 625 
INTERFACE SMD Be | Modified SMD SMD SA4000 ST506/SA4000 
POSITIONING METHOD Voice Coil vone Coil Voice Coil pean ee 

*48 M Bytes Configuration available only in 1200 K Bytes 
FUJITSU 
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UP FRONT INSTITUTE OF 


Cy 21 
Signal processing ICs soon to be available OCT 21 tees 


Gallium arsenide digital ICs will be réleased escrammnercial @” SCoMEES product} by 
Harris Microwave Semiconductor in nine-months:-Phe-first’products 
will include a 4-bit universal shift register, a divide by 2/4/ 8 divider, and 
various SSI logic chips. Clock rates will be in the range from 1.5 to 4 GHz. 
Harris is initially targeting the parts for signal processing applications. 


Appeals court rules in favor of Apple for software protection 


The Third Circuit U.S. Court of Appeals in Philadelphia has reversed a 
lower court decision made last year that denied a motion for a preliminary 
injunction brought by Apple Computer against Franklin Computer. 
Apple’s programs for the Apple II personal computer—particularly those 
stored in the computer’s ROM components and operating systems—are now 
ruled to be subject to copyright protection. This reverses an Aug 2, 1982 
lower court ruling that the copyright law was unclear as to its application 
toward the code used for the computer’s operating system. The case is now 
remanded to the district court for further proceedings. 


Franklin Computer, however, claims that it anticipates only a ‘‘negligible’’ 
effect on its business as a result of the ruling. The company’s chairman 
said that ‘‘the only immediate effect of the decision is to require the district 
judge to hold further hearings on the issue [and that] we think we have an 
ample basis to prevent issuance of an injunction, even under the appellate 
court’s view of the scope of copyright protection afforded to computer 
operating systems, which we consider to be both novel and expansive.’’ 


Sub-4” Winchester disk dimension defined 


Ten disk drive and media manufacturers have agreed that rigid disks to be 
used in sub-4” Winchester disk drives will have an outside diameter of 95 
mm (3.74”) and an inside diameter of 25 mm (0.98”). The disks will be 1.27 
mm (0.050”) thick. Specifications on magnetic characteristics or areal 
densities of these disks have not been prepared. Drive manufacturers 
Seagate and MiniScribe, and media vendors Charlton Associates, Dysan, 
KSI Disk Products, Nashua Corp, and Poly Disc Systems supported the 
standards, as did Applied Information Memories, which supplies both 
drives and media. 


Joint ventures, mergers, and second-source agreements 


Texas Instruments has acquired a 25% equity position in Lisp Machine, a 
manufacturer of computers for use in artificial intelligence applications, 
including expert systems. Lisp Machine will support TI in the development 
of advanced hardware and software for Lisp-based systems. 


The Shen Zhen provincial government of the People’s Republic of China 
has approved a joint venture agreement between Bishop Graphics and three 
other firms to manufacture and distribute a wide range of proprietary 
printed circuit design products. The agreement, scheduled to run 10 years, 
involves the Shen Zhen Electric Appliances Manufacturing Co of China, 
the Shen Zhen branch of The Bank of China, and Thai-An Trading Corp 
of Hong Kong. The operation will be located in a special economic zone 
established by the People’s Republic of China in its Shen Zhen province. 


Three major European computer companies—Compagnie Machines Bull 
(formerly Cii Honeywell Bull), ICL, and Siemens—have signed a 
memorandum of understanding to form a research institute that will 
undertake precompetitive research into selected areas of information 
processing in the common interest of the three companies. All research will 
belong to the three companies and will be freely available to them. 
Research areas will be centered on knowledge processing. 
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UP FRONT 
Pretriggers 


A tool for analyzing and simulating traffic on LANs is reportedly on its way from 
Excelan. The standalone Multibus-based workstation will ease the job of 
network developers by letting them locate bugs and characterize the 
system at heavy traffic loads. 


Pitting a batch of Q-bus products head on against competition, Digital Equipment 
Corp has produced a board-level microcomputer with PDP-11/70 
performance and has upgraded the single-board Falcon to a Falcon-Plus. 


A plug-in color graphics board set for the Symbolics 3600 Lisp-based processor puts 
image memory into the CPU’s physical address space. This eliminates 
bottlenecks to provide faster access time and supplies realtime image 
update capability. 

By taking disk caching techniques developed for mainframes down to the 
minicomputer level, Gould/SEL has reduced access time of a moving head 
disk to 1 ms. 


Direct sensor connection capability and a measurement and control oriented, extended 
Basic language enable Analog Devices’ »MAC-5000 to meet distributed 
intelligence or local frontend applications. The standalone, single-board 
system can be used with user-defined keywords for custom applications to 
protect proprietary software. 


A 256K DRAM with 32K x 8 architecture, said to be a ‘‘first’’ on the market, has been 
announced by Mostek. The chip is specifically designed for small 
microprocessor-based systems that do not require large amounts of solid 
state memory. 


A 32-bit virtual memory workstation with integrated floating point processor and 
array processor, also said to be a market ‘‘first,’”” Masscomp’s 500 
supports two 19” raster displays. It executes a multi-user/multitasking 
Unix operating system featuring the company’s RTU software 
enhancements. 


An engineering workstation that speeds up design, development, and integration of 
software for 8- and 16-bit microcomputer systems will be introduced by 
Gould Design and Test Systems Div at Wescon in November. Both 
Motorola’s 68000 and Intel’s 8086 can be used in design systems. 


A 64-bit multiple processor computer system by Elxsi allows up to ten 4-MIPS CPUs to 
be placed on a high speed bus at one time. Intelligent I/O and memory 
modules permit a system configuration with up to 192M bytes of physical 
memory and 4G-byte virtual memory for each user process. A message- 
based operating system balances throughput load and allows up to 
40-MIPS operation. 


The highest performance from a single processor is claimed by Harris Computer 
Systems Div for its model 1000, an ECL-based superminicomputer with 
4-MIPS Whetstone performance. 


Claimed to be the first rigid disk controller for the IBM PC and look-alikes that can 
support the SMD interface, the Maverick SMD PC-80 has been developed by 
Interphase. It can accommodate 8” or larger disks with fixed and/or 
removable cartridges without software or hardware modifications. 
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DATARAM 


wr |. 


It’s true. WIDE WORD, Dataram Corporation's new, third 
generation of its popular BULK SEMI memory systems, 
delivers an incredible data rate of 200 MB/sec! Achieved by 
utilizing a word length of 80 or 160 bits and 

four-way interleaving. 


Much faster than even the fastest minicomputers can 
handle...but not too fast for your real-time applications, 
image processing, array processing or data acquisition needs. 


Dataram’s WIDE WORD BULK SEMI is ready to perform for 
you. Now! Multi-port capability makes it possible to interface 
WIDE WORD BULK SEMI to your host minicomputer: Connect 
one port to your high-speed input; the other to your mini. 


A library of dedicated interfaces — for Digital Equipment 
orporation, Data General, Ampex, Control Data, CSPI, 
oneywell, Intel, MODCOMP, Perkin-Elmer, ROLM, and SEL 

make it easy to interface to most minicomputers. 


WIDE WORD BULK SEMI. 32 MB of high-performance memory 
in a compact 1534” system. Word lengths up to 160 
bits. And, of course, a data rate of 200 MB/second. 


Our 16-page BULK MEMORY brochure will tell you more. And 
you can have it at no charge by completing the coupon 
at right, or calling us at (609) 799-0071. 


CIRCLE 4 


DATARAM 


Princeton Road 1 Cranbury, NJ 08512 (1) (609) 799-0071 0 TWX: 510-685-2542 


WHAT'S THE BIG IDEA? 


C0 Send me your 16-page brochure detailing BULK SEMI. 
CO Please call me to discuss my application. 


Nane.!* +. 3) eS ie 
Company 

Address 

City 

Telephone 


Minicomputer 
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System technology 


30 Memory systems: High capacity optical disk system appears at last 


36 Development systems: Software tools automate circuit designs 

——, 46 Peripherals: Image recorders copy display photographically 

! 53 Computers: Computer control store swapped for speed 

= 56 Test & measurement: VLSI tester has test electronics for every pin 


60 Data communications: Networking hardware and software connect 
unlike systems 


Page 56 66 Software: Piggybacked operating systems add flexibility 


System design 


107 Peripherals: Improving mass storage data integrity 
by Max Roth—Designers can do a lot to improve the reliability of the 
data being read from Winchester disks and other mass storage media. 
In fact, they should be doing more. 


117 Interface: Getting the best of both buses 
by Roger R. Russ—Building an interface that links the potent VERSAbus 
to the popular Unibus forces designers to consider trade-offs carefully. 


125 Computers: Designing a parallel Simula machine 
by Mike P. Papazoglou, Panayiotis I. Georgiadis, and 
Dimitris G. Maritsas—Modeling hardware architecture along the lines 
of the Simula software language allows designers to exploit the 
advantages of parallel instruction execution. 


141 Software: Single-chip micro speaks Forth 
by Gerald E. Bernier—An extended Forth interpreter embedded in read 
only memory brings high level language efficiency to microcomputer 
application programming. 


149 Data communications: Use hybrid switches for voice and data 
by Po Chen—The numerous trade-offs between various switching 
approaches point to a hybrid solution as optimum. 


161 Software: Constructing benchmarks that measure up 
by Jeffrey Pulcini—There is more to gauging hardware performance than 
tallying the number of instructions executed in a second. Instruction 
Page 107 mixes, formats, and compilation methods all skew performance. 


74 Wescon and Mini/Micro West 
93 IECON ‘83 
99 AUTOFACT 5 


Four separate conferences in two cities will make for a jam-packed 
second week of November. Teaming up in San Francisco next month, 
Wescon, Mini/Micro West, and IECON participants will investigate a 
diverse range of interests spanning from electronic components and 
packaging to architecture and industrial application of small 
computers. At the same time, computer integrated manufacturing will 
be examined at AUTOFACT 5 in Detroit. 


Page 74 | 
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\ Designers’ preference survey* 
285 


*Appearing in Domestic issues only 
P ie 


In the past year, several trends have 
appeared in the microprocessor world. 
Greater speed, lower prices, and CMOS 
have dominated among manufacturers. 
The use of VLSI design has put more 
functions onchip and opened the door 
to 32-bit devices. Coprocessors have 
been developed to offload numerical 
and memory management tasks. 
Advanced microcontrollers based on 
16-bit architectures have been 
introduced. In addition, 
microprogramming is becoming a tool 
for design engineers, not just for 
microprocessor architects. 


This month’s cover, ‘Voyage of 
the Super Micro,’’ was created by 
Mark Lindquist on the Digital 
Effects Video Palette 111 and D-48 
high resolution camera system. 


Workstation connects 16/32-bit micro power to Unix and graphics 
System plays dual role in control and development 

Plotter draws up graphics for small-computer workstations 
Graphics processor contributes roam, zoom, and high resolution 
Microprocessor development puts the VAX into service 

Color display oscilloscope incorporates liquid crystal shutter 

Op amps display increased performance 


Memory systems 276 Computers 
Data communications 278 Software 
Data conversion 280 Test & measurement 
Microprocessors/microcomputers 283 Control & automation 
Power sources & protection 288 Interconnection & packaging 
Peripherals 290 Interface 
System elements 293 Integrated circuits 
Up front 306 Designer’s bookcase 

” Editorial 309 System showcase 
Letters to the editor 312 Advertisers’ index 
Calendar 319 Reader inquiry card 
Literature 319 Change of address card 


Editorial reviewers 
for parts of this issue: 


Dennis Allison 
Ned Kavanaugh 
Brian Pollard 
John Satta 
Steve Schmitt 
John Wakerly 


Processor usage study 
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TEK 1240 ANALYZER 


The world’s most advanced logic analyzer 


interface device. 


Now operable only with the new Tektronix 1240. 


The human fingertip. It 
now gives you the fastest 
interface ever with a logic 
analyzer: The new Tektronix 
1240. 

Simply press any menu 
field on its screen and the 
1240 instantly responds to 
your command. 

Your eyes don't leave the 
display. So you work faster. 
With greater accuracy and 
productivity. 


Copyright © 1983, Tektronix, Inc. All rights reserved. 


For all-around hard- 
ware, software and 
systems analysis. 

Behind the 1240's ad- 
vanced interface is an ex- 
tremely versatile instrument 
that accommodates a 
broad range of applications. 

You get speeds up to 100 
MHz. Data widths to 72 
channels. Memory depths 
up to 2048 words. Plus 
glitch storage. All configur- 


LAA-339 


able to match your specific 
application needs. And up- 
gradable as new demands 
arise. 

You also get triggering 
power. Up to 14 levels, each 
with data filters, counter/ 
timers and conditional 
branching. And backed by } 
microprocessor-specific 
modules which help you un- 
ravel even the most com- 
plex software problems. 


FLEXIBLE SOLUTIONS 
FOR A FUTURE OF CHANGE 


And for integration of 
separate modules, the 1240 
gives you an industry first: 
correlated acquisition from 


high-level functions like 
software performance 
analysis. And user- 
definable mnemonic 


two independently clocked disassembly. 

processes. RS-232/GPIB COMM 
ROM and COMM packs packs allow interface with 

extend performance external computers for func- 

tethers : tions like mass storage and 

e accepts a remote control. 

series of ROM and COMM PE IE Oe 

packs that track right along dat acquistiontmebasa 1 and 72. The Get in touch. 

with your applications al unas anales crenata.” For more on the new 

requirements. oath alga: 1240, call or write your | 
ROM packs deliver nearest Tek Sales Office. 

gy. 7 he a a a a atetee eae ae, 


Mi NE. 


DR R/M WAI 


el 


EA DMA 


Asia, Australia, Central & South rape ee — Europe, Africa, Middle East Tektronix Europe B.V. 
ix, Inc., PO. Box 1700, Beaverton, OR 97075 European Headquarters, Postbox 827, 1180 AV 
8 800-547 1512, Oregon only 800 452-1877, Amstelveen, The Netherlands, Telex: 18312 
08, Cable: TEKTRONIX 
te Canada, Tektronix Canada Inc., Ga a 6500, Barrie. 
Ontario L4M 4V3, Phone 705 737-2 


Tektronix 


COMMITTED TO EXCELLENCE 


Circle #6 for Literature 
Circle #7 for Sales Contact 


CHROMATICS 
PRESENTS: 


\ 


THE VLSI DESIGNER FOR THE SYSTEM ENGINEER 


FEATURING: _ 
¢ Low-cost: $64,270 basic custom VLSI Designer Workstation 
¢ Technology independent 

¢ Hierarchical data and menu structure 

¢ Selectable level viewing in symbolic and geometric layout 

¢ Supports industry standard data base outputs 

¢ Standard cell libraries supported 

¢ Flexible component editor 

¢ Output options: printer, plotter, tape drive 

¢ Proven MC68000-based computer system, thousands already in use 
¢ Industry’s only 2-year hardware warranty 


Chromatics 


Chromatics, Inc./2558 Mountain Industrial Blvd./ Tucker, Ga. 30084/ Telephone: 404/493-7000/ TWX: 810/766-8099. 
Offices Worldwide 
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EDITORIAL 


WA VERSUS THE GUNSLINGERS 


Many American companies have examined Japanese management 
techniques in the hope of finding some magic formula that could 
help them compete more effectively in world markets. But, 
though some companies have successfully adopted the most 
superficial Japanese strategies such as the use of quality circles, 
the essence of Japanese management has proved elusive for 
Americans. Deep-rooted cultural differences make it difficult, 
and perhaps unwise, for American companies to run themselves 
the Japanese way. 

Basically, there is a conflict between the Japanese goal of wa 
(usually translated as group harmony) and the Western ideal of 
rugged individual leadership. Somehow, it is difficult to imagine 
the gunslinging entrepreneurs of Silicon Valley functioning as 
cogs in a smoothly running Japanese management machine. And judging from the 
growth of the Silicon Valley startups, the macho style of many Western managers looks 
just as effective as the more nurturing and supportive Japanese style. 

Perhaps there is room in the computer industry for both management styles, or for a 
new philosophy that draws on the strengths of each culture. The Japanese approach has 
already proved its worth in manufacturing and quality control—notably in the 
automotive industry. On the other hand, the Western approach seems quite effective in 
research and development—especially in the sort of rapid product development required 
for competitive high technology markets. 

When creativity needs to be maximized and accelerated, peer recognition seems to be a 
powerful motivator. A dramatic example of how the need for individual recognition can 
be a driving force occurred when several video game designers left Atari to start 
Activision because they had not received credit for their ‘‘authorship’’ at Atari. Now 
those game designers enjoy the same sort of celebrity status as rock musicians and movie 
actors. Also, several studies have shown that the creativity of a group is rarely greater 
than that of the most creative individual in the group. 

Of course, many successful American companies—like Japanese companies—emphasize 
group achievement rather than individual achievement. But they tend to be large 
companies such as IBM, Hewlett-Packard, and Digital Equipment. So perhaps the 
Japanese approach works best for large organizations, whereas the Western approach 
fosters entrepreneurship. 

In any event, the coming struggle for economic and technical supremacy between 
Japan and the United States is shaping up as a shootout between the competing 
management styles of wa and the gunslingers. But just as the two countries have 
continually borrowed technical ideas from each other, they may also be smart enough to 
adopt those management ideas that work best within their changing cultures. (For those 
engineers who would like to learn more about this subject, we recommend The Art of 
Japanese Management by Richard Tanner Pascale and Anthony G. Athos, published by 
Warner Books.) 


Nc dad £2 p21 


Michael Elphick 
Editor in Chief 
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Finally, the 64K organization 
you ve been waiting for at 
speeds you've been hoping for 


16K x 4 DRAMS are here...in the new INMOS IMS2620 series. They give 
you a choice of 100,120, and 150ns access times. What’s more, they’re available 
in low-cost plastic packaging. That’s good news all around. Because it means 
greater design flexibility and high performance at reasonable cost. 


The 16K x 4 organization is a natural for graphics applications and other high 
performance designs where high data rates are required. And provides a 
factor of four reduction in chip count when you upgrade from 16K x 1 

to 16K x 4 DRAMS. Look to this organization when you need the most in 
system performance, flexibility and economy. 


Our growing 64K DRAM family also includes the 64K x1 IMS2600 series. With INMOS’ 
“Nibble Mode,” they deliver effective cycle times below 85ns with a 100Ons part. 


Both the 16K x 4 and 64K x1 organizations include our “CAS before RAS” 
refresh-assist function, which reduces support circuitry...and system cost. 


For a low-cost introductory offer of our new 100ns 16K x 4 DRAM, 
call an INMOS distributor today. 


Check the chart. 


Introducto 


Organization Cycle Time 


IMS2620-10 160ns 
~ 16Kx4 | IMS2620-12 190ns EVALUATION OFFER 
IMS2620-15 240ns Contact your local INMOS distributor for 
two each of the 100ns IMS262OP-10, 
64K x 1 nice toe 16K x 4DRAM and technical information 
IMS2600-15 230ns ($25). Limit three offers per customer. 


Then call an INMOS distributor 


today. Arrow Electronics 


Offer expires Oct. 31, 1983. 
Anthem Electronics 
Future Electronics 


rte Be inmos 


P.O. Box 16000 © Colorado Springs. Colorado 80935 © (303) 630-4361 ¢ TWX 
RAE 910/920-4904 ¢ Burlington. Mass. (617) 273-5150 © Dayton, Ohio (513) 
439-0988 © San Jose. Calif. (408) 298-1786 © Whitefriars * Lewins Mead Bristol 
BSI 2NP e England ® Phone Bristol 0272 290 861 © TLX: 444723 


inmos, and IMS are trademarks of the INMOS Group of Companies. 
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conforms fo the proposed 
IEEE Standard 802 


for the 7 Mbps 
token bus line driver. 


ITS FEATURES ARE FIELD PROVEN! 

Since 1974, OEMs and network builders 
have put more nodes on line with 
Computrol coaxial cable modems 


than any other. 


e Better than 1 bit in 10’? error rate 
using FSK modulation on coaxial cable 


e Operates at all data rates from 
dc to 2 Megabits/sec without readjustment 


¢ Multidrop over 100 devices on a single 
coaxial cable without directional couplers 


e Transmission distances up to 32,000 feet 
without repeaters or sensitivity adjustments 


e Use in Carrier Sense Multiple Access (CSMA), 
Polled, or Token Pass networks 


¢ Low cost — Immediate delivery 


Write today for data sheet, or 
call John Ricketson at (203) 544-9371. 


COMPUTROL 


Division of Kidde Automated Systems, Inc. 


15 Ethan Allen Highway 
Ridgefield, CT 06877-6297 USA 
203-544-9371 

Telex 643358 


*The Model 30-0078-3 modem, packaged for mother board mounting, 
measures 4.5” x 2.0” x 0.38”. 
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Designer-original ULA gate ani 
from Ferranti. Custom-tailored LSI 


at an off-the-rack price. 


You'd like to outfit your product 
with a custom chip, but you know 
the obstacles. 

Months of engineering 
development time. Thousands in 
start-up costs. 

ES xf Fortunately, there is a way 
Sos "4 Cs | to get a chip that’s perfectly 
aN suited to your needs without 
paying for a full custom effort. 
The Ferranti ULA* 

We start with a selection of 
over 50 Ferranti-fabricated basic 
LSI circuits, each with an array of 
uncommitted active and passive 
components. Then, with one 
last photomask, we make your 
custom-tailored LSI. 

We can fashion your chip 
with up to 4,000 gates and 
performance from CMOS power 
levels to ECL speeds. And with 
over 1,100 successful integrations 
behind us, we've ironed out all 
the development problems. 

Whether we start with your 
logic diagram or a CAD mag 
tape, our advanced ULA CAD 
Verification Software ensures 
“right-first-time” integrations. 

So if you're shopping for 
custom LSI, try the leader in 
gate arrays on for size. 

Ferranti Semiconductors. 
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better by design 


FERRANT 


semiconductors 


ULA Design Centers located in: U.S.A., Commack, NY, 516-543-0200; U.K., Manchester, 061-624-0515; 
W. Germany, Munich, 089-293871; France, Paris, 331-407-11-11; Australia, Sydney, 612-290-1-1071; Hong Kong, 5-538298. 


*ULA is the Ferranti brand name for uncommitted logic arrays and is a trademark of Ferranti plc. 
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LETTERS TO THE EDITOR 


CAE should focus on user needs 

The May 1983 editorial solicited input 
from readers on the qualities they would 
like to see in a workstation, so as to 
enhance their abilities as creative 
engineers. 

At Exxon Research and Engineering, 
we have been anticipating vendor-pro- 
vided engineering workstations for the 
past three years, and have done some 
prototype development to better under- 
stand the potential and limitations of this 
new approach to computer-aided engi- 
neering and research. Management is 
strongly committed to a program that 
would provide our engineers, scientists, 
administrators, and support personnel 
with powerful workstations through an 
implementation program spanning 1985 
to 1990. Individual workstations will be 
purchased when the productivity and 
effectiveness justify their cost. Commu- 
nication among workstations and to cen- 
tral computers is an essential part of the 
concept. 

The editorial illustrates some of the pit- 
falls we have seen in the evolution of the 
area. One is the tendency for manufac- 
turers to focus first on hardware, then on 
applications, and only then on deter- 
mining what users need. This may be due 
to the fact that the engineers involved in 
developing the product can draw upon 
their own experience to hypothesize 
needs. 

But not all engineers and scientists are 
computer engineers and scientists, and 
not all research and engineering organiza- 
tions carry out their activities the way 
computer companies do. Hence, there is 
a great risk that in drawing from their 
own experience about needs, computer 
designers will fail to satisfy the needs of 
engineers and scientists outside the com- 
puting industry. Soliciting input from 
your readership is not much better, since 
I suspect your readership consists largely 
of people involved in the design aspects 
of computer engineering and science, 
rather than users and those who represent 
users. There is a real danger that the needs 
of the many engineers and scientists out- 
side the computing field will not be well 
served by the readers who, in their com- 
puter design activities, are guided by 
published responses to your solicitation. 

This is of particular concern with 
respect to applications software and ease 
of use. The best application software 
stems from an understanding of the appli- 
cation domain as much as it does from 
ability in software development. Tools 
must be made available for engineers and 
scientists with limited computer experi- 
ence to develop applications that make ef- 
fective use of the new equipment without 
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requiring inordinate development time or 
the mastering of arcane new skills. 

After all, these engineers and scientists 
should be concentrating on their special- 
ties, and the computing aspects should be 
an aid and not an impediment to doing 
so. As for ease of use, it would be a 
mistake to assume that people with tech- 
nical backgrounds need any less friendly 
and integrated systems than people in 
finance or management. 

In short, the engineering and scientific 
workstation should provide both techni- 
cal and general tools. It should be as easy 
to use as possible, its capabilities should 
reflect engineering and scientific needs 
beyond those of the computing field, and 
it should permit easy application develop- 
ment by technical specialists. 


Mark J. Eisner 

Exxon Research and Engineering Co 
PO Box 101 

Florham Park, NJ 07932 


Need for custom CAE software 

In response to the editorial request in May 
1983, I submit the following comments, 
based on experience as a computer sys- 
tems engineer involved in creation and 
evaluation of CAD and CAE programs. 

The engineers I worked with were inter- 
ested in 3-dimensional views of objects, 
mass properties of the objects, and ability 
to define the objects for finite element 
analysis for thermal and stress analysis. 
They wanted the ability to combine objects 
into assemblies that could also be ana- 
lyzed. Some wished to simulate operation 
of mechanisms. 

Not all engineers want the same things. 
There was general agreement that pro- 
grams or software should be user oriented 
(ie, should guide the user through the pro- 
gram’s operation. Quick response was 
also important. Many engineers refused 
to use timesharing computers when wait- 
ing time became excessive. 

These needs or desires require pro- 
grams to be rather ‘‘wordy’’ to guide the 
user. Also, most people underestimate 
memory and disk storage needed for these 
program types. 

Computers with very large memories 
have become available in the past few 
years that can do the job for CAE if 
suitable software is available. Much 
research has been done in the software 
area and many good programs are avail- 
able. Some of the results are spectacular. 
Engineers will find that no programs are 
available for many activities, and many 
programs will handle only problems of a 
very limited scope. Software development 


can be accelerated if engineers will define 
activities that need computer assistance. 

To a degree, I agree with your com- 
ments on word processing and spread- 
sheets. However, professional engineers 
generally must document their work. A 
convenient word processing program can 
be a valuable aid in the documentation 
process. Many such programs are very 
difficult to use when use is intermittent. 


Lee Toliver 
206 Howell 
Belen, NM 87008 


CAE is nothing new 

In response to your editorial (May 1983) 
soliciting comments on CAE, I’ve been 
doing CAE work for 27 years and I’ve 
never had a computer terminal. I don’t 
need one except for a hand-held program- 
mable calculator that has replaced my 
slide rule and handbook tables. 

Putting a computer terminal on my 
desk does not make me more creative. I’m 
already creative, but modern calculators 
and computers have made me signifi- 
cantly more productive. I frequently solve 
problems today which were not feasible 
to calculate a few years ago. As a creative 
engineer, I do not necessarily want to be 
programming a computer. What is more 
useful to me is an assistant who programs 
engineering problems under my direction. 
This leaves me free to do creative engi- 
neering and interpretation. 

Too often computer programmers who 
are not cognizant of engineering princi- 
ples are being employed as engineers. For 
this reason, they incorrectly formulate 
problems and produce incorrect results. 

Much of what is put into computers 
today is inept and unnecessary, making 
what comes out incorrect and subject to 
misinterpretation. Furthermore, it 
appears the present faddishness and 
clamor for computers is going to perpet- 
uate these inanities. 

I wish to point out, then, that CAE is 
not some new invention. It is an ongoing 
process and has been since the invention 
of counting machines. All that is hap- 
pening is that the computers have become 
more complex, do faster and more ad- 
vanced calculations, and thereby allow 
the engineer to better design and analyze 
more complicated technical problems. 


Dale L. Jensen 
PO Box 1183 
Downey, CA 90240 


LETTERS TO THE EDITOR 
(continued on page 22) 


The 
Worlds Most Elegant 


Microprocessor Family — 
is Banishing 
Current Benchmarks to 
Computer History. 


Be advised: the NS16000 family is 


establishing all new benchmarks for 


8-, 16-, and 32-bit microprocessors. 


Here is proof beyond doubt that 
any NS16000-based product 

will outperform any other micro- 
processor-based product. 


Of course, comparing the NS16000 
family and the microprocessors your 
competition is banking on is difficult — 
perhaps even irrelevant—because the 
NS16000 family is, fundamentally, much 
more advanced. 

No other commercial processor 
(micro, mini or mainframe) is designed 
to fully support the use of high-level 
languages. All members of the NS16000 
family of CPUs! however, feature not 
only 32-bit internal architecture, but also 
a high degree of regularity in the 
arrangement and use of their 32-bit 
registers. Data can be read or written 1, 
8, 16, or 32 bits at a time, as sophis- 
ticated programs require, and transfers 
from one register to another are not 
restricted. 

Moreover, the symmetrical instruc- 
tion set of the NS16000 CPUs includes 
over 100 genuine two-operand instruc- 
tion types, but avoids special-case 
instructions that compilers cannot use. 
All instructions can be used with the 
addressing modes common to most 
microprocessors (register, immediate, 
absolute, and register relative), as well 
as with powerful HLL-oriented modes 
that only the NS16000 offers: top- 
of-stack, scaled indexing, memory rela- 
tive, and external. And any operand 
length and any general-purpose register 
may be used with any mode. 

The combination of these virtues 
makes it possible to write especially lean 
high-level language programs on 
NS16000-based systems. The simplicity 
with which a programmer can imple- 
ment acompiler, for instance, is matched 
only by the compiler’s increased speed 
of execution. In effect, the dream of 
being able to pack the enviable working 
environment and performance of a 
large computer into a microprocessor has 
become reality. 


HIGH-LEVEL LANGUAGE COMPARISONS?® 
Relative Performance 


AVERAGE OF SEARCH SIEVE PUZZLE ACKERMAN 
ALL FOUR 


BENCHMARKS 


Execution Time 


SEARCH SIEVE PUZZLE ACKERMAN 


® 68000 
NS16032 


Putting large-computer perform- 
ance into a microprocessor is 
further advanced through the 
implementation of the NS16000’s 
Demand Paged Virtual Memory 
—a strategy equivalent to that 
used in such systems as the VAX-11 
series and all present IBM 
mainframes. 

With an architecture that supports 
uniform addressing, the NS16000 is 
the first commercial microprocessor able 
to feature Demand Paged Virtual 
Memory as a means of solving large- 
memory-management problems. As 
a result, an NS16000-based system, 
blessed with this completely flexible 
memory configuration, can maximize 
the use of its physical and virtual memory 
resources and achieve a level of per- 
formance heretofore unrealized. 

With the NS16082 Memory Manage- 
ment Unit (MMU), only the infor- 
mation most recently used is kept in 
RAM: other information is swapped in 
and out from mass storage, as needed. 
Consequently, each programmer, each 
program, each task has access to a 
uniform addressing space of 16 Mbytes 
simultaneously and independently, 
without reservation or special exception. 
(And more efficiently than on any 


other commercial processor — micro, 
mini, or mainframe.) 

Among the reasons for the MMU’s 
prowess is its support of a two-level page- 
table translation, whose process is 
speeded up by an associative on-chip 
cache. Utilizing a very fast Least- 
Recently-Used (LRU) algorithm and 
a powerful “referenced bit? the NS16082 
MMU achieves a translation cache 
hit rate of over 98 percent. 


The NS16081 Floating Point 
Unit (FPU) extends the NS16000 
instruction set with very high- 
speed floating-point operations for 
both single- and double-precision 
IEEE operands. 

Designing the FPU into a system 
allows programmers to treat floating- 
point numbers as they would any 
other data types, and to use any of the 
addressing modes to reference them. 
For example, the scaled index mode per- 
mits an array of floating-point data 
elements to be addressed by its logical 
index, rather than its physical address. 
The power this can add to a system 
makes it especially applicable for graphics 
and engineering work-stations. 


FLOATING POINT OPERATION COMPARISONS® 
Relative Performance 


Execution Time 


1024 POINT FFT 


WHETSTONE 


™ 68000 
© NS16032, with NS16081 FPU 
VAX-11/750 


With the introduction of National’s 

proprietary GENLX™ operat- 

ing system, even the advantages 

of using UNIX® on a large 

computer have been ported to the 

NS16000 microprocessor family. 
GENIX is an elegant implementation 


of the proven Berkeley 4.1 bsd version 


I 


‘ 


¥ 


of UNIX. Created in-house, to facilitate 
the development of software for 
NS16000-based applications, it is the 
first UNIX operating system to sup- 
port Demand Paged Virtual Memory in 
a microprocessor. 

Here, then, is a demonstration not 
only of the pure functionality of the 
NS16000 family architecture, but of the 
large-computer-like results now pos- 
sible on a microprocessor-based system 
using GENIX. 


KERNEL CODE SIZE COMPARISON 


VAX-11/750. 


(BERKELEY 4.1BSD UNIX 
IMPLEMENTATION) 


When you consider applications 
for the NS16000 micro- 
processor family—from elegant 
personal and business computers, 
to graphics work-stations, to 
industrial control systems— keep 
in mind that: 

1. The NS16032 CPU and the NS16201 
TCU are in production now. 

2. The NS16082 MMU, the NS16081 
FPU, and the NS16202 ICU are being 
sampled now. 

3. Evaluation tools are available now. 

4. Development tools are available now. 

5. Training classes are in progress now. 

6. Third-party software for the family 
is available now and increasing daily. 

7. The software you write now will 
work without modification if you move 
your product line from one NS16000 
CPU to another in the future. 

Similarly, the optional use of the 
NS16000’s MMU and FPU slave 
processors — integral parts of the 
NS16000 architecture — will allow you 
to determine price/performance 
trade-offs while preserving your initial 
software investment. 

8. Only the NS16000 family can make it 
possible for you to put a large- 
computer-like product on the market 
today—at microprocessor prices. 


Footnotes: 
1 


The NS16032 CPU, the first of the NS16000 
CPUs, has a 16-bit-wide data path to memory and 
32-bit internal architecture. Before the end of 
this year, CPUs implementing the same 32-bit 
internal architecture, but with 8- and 32-bit- 
wide data paths to memory will also be available, 
to allow maximum price/ performance flexibility 
within your product line. 

Th 

Results for the 68000 were taken from Computer 
Architecture News, Vol. 10, No. 4, June 1982, 
pp. 17-28. The 68000 was run at 1OMHz, with 
no Wait States. Source in Pascal. 


DB16000 at 10MHz, with no Wait States. Source 
programs in Pascal. All variable sizes are 32-bit. 


Bs 

Results for the 68000 were obtained on a SUN 
System at 10MHz, with no Wait States, using 
Motorola's ROM-based floating point subroutine 


package. 
Results for the NS16032, utilizing the NS16081 

FPU, were obtained on a DB16000 at 1OMHz, 

with no Wait States. IEEE floating point, variable 


sizes. 
Results for the VAX-11/750 were obtained 
without using floating point accelerator. 


NS16000 
Elegance is everything. 


See it. 


The NS16000 micro- 
processor family will be on 
exhibition at WESCON. 


Talk with us. 


Please call the National Sales 
Representative nearest you 
for more information, and the 
answers to your questions. 
Ask to meet with one of our 
Field Applications Engineers, 
too. Or, circle the number 


below. 


Read about it. 


You haven't heard the last 
word on the NS16000 micro- 
processor family yet. In the 
meantime, you may want to fur- 
ther your understanding of 
what we've accomplished by 
requesting copies of NS16000: 
Demand Paged Virtual Memory 
and NS16000: Benchmarks. 


NS16000 NS16000: 
Demand Paged Benchmarks 
Virtual Memory 


7A National Semiconductor 
MICROCOMPUTER SYSTEMS DIVISION 
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DO YOU HAVE 


THE DRIVE 
TO SUCCEED? 


You do? 

Good. So do we. 

Shugart's 3.5" microfloppy drive. The 
SA300 by name. 

And, considering where the personal/ 
home/portable computer market is 
headed (betterfastercheapersmallerwith- 
morestorage), it's not amoment too soon. 

It's also quite an achievement. One that 
allows you to engineer a ae 
wealth of advantages into 
smaller more competitive 
systems. 

‘Take the most obvious 
advantage, for instance. 

Size. With the SA300 you 
can make your personal 
and home systems less impos- 
ing, more, well, personal. 
Our microfloppy takes up 
75% less room than a stan- 
dard sized Minifloppy™ 

And it weighs just a tad over a 
pound. So your portable system can be 
more, you guessed it, portable, even 
with two drives in it. 

Yet the SA300 still delivers 500 Kbytes 
in the single-sided version (1 Mbyte in 
the double-sided version) and uses less 
power, worst case, than an 8-watt 
night-light. 

It's also so quiet, you can't hear it 
running unless you put your ear right 
down on top of it. 


The 3.5" Micro-Cartridge provides 
maximum media protection. 


And with an MTBF of over 10,000 


power-on hours, it should run for quite 


some time. 

Then, of course, there's the not-so- 
small matter of the industry standard 
3.5" microfloppy diskette. 

ich offers a few important advan- 
tages of its own. 

Like Minifloppy compatibility. 

A track density that allows 
room for a generous upgrade 
path to more capacity. 

da hard shell plastic 
media cartridge for protection 
against the rigors of pocket 
and purse, with an automatic 
head access shutter as a last 
line of defense against little 
computer users who eat a lot 
of peanut butter and jelly. 

Want to learn more? 

We'll doa private Micro- 
floppy Workshop right in your office. 
And you'll have the chance to talk with 
media manufacturers and our own 
applications engineers about your plans 
for a big design win. 

Call your local Shugart Sales Office to 
set it up. But do it soon. 


You'd be amazed at what you can do 
with a little drive. 


Shugart 


Right from the start. 


See us at Comdex Booth #3319 


ee. CA (408) 263-2600, Costa _ ee (714) 979-1935, Thousand Oaks, CA (805) 496-5388; Minneapolis, MN (612) 574-9750; Richardson, TX 
234- 


3568; Framingham, MA (617 


-1700; Saddle Brook, NJ (201) 368-8445; Atlanta, GA (404) 955: 


-8968, teens ONT (416) 475-2655; 


toe al (1) 687-31-41, pri ee Germany (089) 78-60-21; London, U.K. (44) 4862-24527. Hamilton /Avnet, authorized distributor 
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LETTERS TO THE EDITOR 


(continued from page 16) 

CAD and the user 

In the May 1983 editorial, I noted your 
request for comments on computer work- 
stations. I regularly use three pieces of 
computer-aided design equipment: a 
desktop computer running packaged 
design analysis software and my own pro- 
grams, a printed circuit board design 
computer, and a microprocessor software 
and hardware development station. 

In all cases, my work involves entering 
a fair amount of data in a text format. 
These units are shared with five or six col- 
leagues. As work must be saved for later 
use, each unit has a tape unit for this. 
The microprocessor development station 
(MDs) also has disk-based storage. 

The tapes for each are identical, but 
tapes can only be read on the unit that 
wrote them. The formats are all different. 
While this is acceptable for program files, 
it is sad that text files cannot be trans- 
ferred. Often one terminal is free and I 
could at least get my data in. The three 
units are an HP 85 desktop, an HP 64000 
MDs and a Racal Cadet pc board 
designer. The latter uses an HP 1000 series 
terminal! If Hewlett-Packard cannot 
make three products that use identical 
tape transports with the same format, 
what hope is there for the rest of 
industry? 

This leads me to another point that I 
think is very important. It is unlikely that 
a universal workstation will be produced 
that is cheap enough for most companies 
to give one to each of their designers. Ter- 
minals on a central system may be one 
answer, but here again, the initial cost 
is high. 

I feel that there is a strong case for a 
modular approach; a set of units that 
stands alone or that can be integrated to 
provide an adaptable workstation. It is 
important that the module cost and the 
initial entry fee, in terms of hardware and 
software, be low enough for even the 
smaller firms to buy. It is in this area 
where improvements in productivity can 
have the greatest impact in terms of com- 
pany performance. This in turn leads to 
increased employment. In larger firms, 
the converse tends to be true. The 
machines are seen as a means to reduce 
expensive labor. 


Gordon M. Message 
92 Harrow Rd 
Leighton Buzzard 
Bedfordshire 

LU7 8UQ 

England 
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Pirates ahoy 

This is in reference to Chris Brown’s 
article, ‘‘Setting Sail against the Software 
Pirates’’ (June 1983, p 30). Here at LJM, 
we are both end users and software 
manufacturers in the microcomputing 
industry who vigorously uphold the 
rights of software authors, and abhor 
software piracy. 

We contend, however, that software 
manufacturers (especially in the micro- 
computing industry) encourage software 
piracy with artificially high software 
prices. Of course, the author is entitled 
to make a living, but by selling a product 
for more than the consumer thinks it is 
worth, manufacturers help justify the 
act of software piracy. 

In our efforts to produce quality soft- 
ware, we maintain a pricing policy that 
enables us to survive comfortably, while 
discouraging piracy. After all, a pirate 
cannot obtain service from a manu- 
facturer or manufacturer’s representa- 
tive when a problem occurs. It is the 
manufacturer’s responsibility and duty 
to put the pirates out of business, not by 
legal remedies, but in the marketplace 
through intelligent pricing policies. 


Lewis J. Metzger 

LJM Computer Consulting 
96 Orchard St 

Garfield, NJ 07026 


Economic reality 
With floppy disks selling for $1 each, 
how low are you willing to go? 


Chris Brown 
Technical Editor 


A bit of an error 
This is just a note to call attention to a 
typo in Gary Martin’s article, ‘‘ Virtual 
Memory Management Expands Micro- 
processors’’ (June 1983, p 169), that was 
generated by this office for National 
Semiconductor. No doubt, others have 
commented on it already. As editor and 
writer for JEEE Spectrum for many 
years, I know the feeling and the futility 
it sometimes brings. 

The error appeared on the second line 
of the subtitle. It should have read 


‘24-bit’? rather than ‘‘124-bit’’ virtual 
address space. A startled reader should 
have recovered by the time the last para- 
graph on the page (where it is referenced 
correctly) was reached, anyway. 

Thank you for the coverage of this vital 
development in the microprocessor art. 


Marce Eleccion 

Paul Purdom & Co 
1845 Magnolia Ave 
Burlingame, CA 94010 


Right model, wrong function 

Many thanks for the mention of 
Metheus Corp products on p 156 of the 
July 1983 article, ‘‘Workstations That 
Take Chip Design from End to End.”’ I 
must point out, however, that the 
Omega 400 is not a workstation ‘‘intelli- 
gent enough to handle an entire design 
problem from back to front.’’ 

The Omega 400 display controller is a 
complete graphics processor. It inter- 
faces with a host computer and color 
video monitor, and provides a 1024- x 
1024-pixel display, as well as the drawing 
speed and other features the article 
mentions. 

The system that does ‘‘handle an en- 
tire design problem from back to front’’ 
is the Lambda 750 engineering work- 
station, which was described quite well 
in the following paragraph on p 156. 


Bob Behrens 
Metheus Corp 

PO Box 1049 
Hillsboro, OR 97123 


Search for interfaces 

I am looking for some companies that 
manufacture communication interfaces 
capable of emulating IBM controllers, the 
purpose being to hook non-IBM periph- 
erals onto IBM mainframes at a competi- 
tive price. If you know of any reliable 
firms producing such items, would you 
please be so kind as to let me have their 
addresses, or pass my request on to them? 


Renato Covi 
Via Padova, 95 
Milano 

20127 

Italy 


CBC 80C/24 
CMOS BOARD COMPUTER 


Now — A CMOS Alternative to your Z80, 8085, and 8080 SBC Needs 
Complemented by a Family of CMOS Support Boards for the Multibus 
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CMOS Multibus Conversions or New Designs Made Simple: 


With DTl’s new 80C/24 and CBC 86C/O05 A DECADE OF QUALITY 
86C/O5 CPU Boards, youcancon- ¢ S5MHZ 80C86 CPU CMOS PRODUCTS 
vert your present system to CMOS All-CMOS design Our CMOS Multibus family is 
with little or no software change. © 32K on-board memory backed by over ten years of 
New designs can take full advan- design and manufacture of CMOS 
tage of the Z8O or 8086 instruc- CBC STATIC RAM products for the industrial market- 
tion set. Check these key features: © 3 year cumulative back-up time place. We can help you solve your 
e 16K- to 512K-byte capacity industrial/process problems with 

CBC 80C/24 e Automatic memory protect reliable CMOS products. Call or 
¢ 3.58 MHZ NSC8OO CPU ¢ 8 or 16 bit masters write Bill Long, CBC Product 
¢ Less than 200 ma @ 5V ¢ Bank select logic Manager for more information. 
* 32K on-board battery-backed 24 bit addressing 

pide space = Diversified 
e 2 iSBX expansion connectors CBC 8164, CBC 8732 
¢ Z8O, 8085 instruction set ¢ Analog and digital |/O Jecntenogy 
e 48 parallel |/O, 1 RS-232 e Low-power CMOS designs 
(601) 856-4121 

Z8O is a trademark of Zilog Corp. / NSC8OO is a trademark of National P. O. Box 748, Ridgeland, MS 39157 
Semiconductor Corp. / iSBX, Multibus are trademarks of Intel Corp. Telex 585326 
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WAKE UP YOUR SLEEPING GIANT. 


INTRODUCING THE FIRST MULTI-USER P DEVELOPMENT SYSTEM 10 BRING 
ALL THE POWER OF VAX TO EVERY DESIGN TEAM MEMBER. EMUNET-2. 


Up till now, the giant of engineering applications was 
always caught napping when it came to microproces- 
sor development. 

Enter EMUNET-2. 

It’s the first system to harness all of VAX’s 32-bit 
power, all of VAX’s development tools, all of VAX’s 


information management capabilities, and all of VAX’s 
mass storage and peripheral facilities, all for micropro- 


cessor development. 

Better still, EMUNET delivers VAX’s awesome 
power right to the workstation of every hardware and 
software engineer on your development team. Even if 
that means 60 individual designers. 


EMUNET-2 supports as many as 60 hardware and software designers. 


It’s all made possible by our unique multi-drop, 
1-Mbaud coaxial cable that links VAX*to every emula- 


Of course, our system is equipped with all the 
cross assemblers, linkers, pats 5 ic debuggers, and 
other software tools you need to emulate today’s most 
popular 8- and 16-bit processors. Including the 68010, 
68000, 8086, 8088, and more. And you can run the 
software on your VAX or any local workstation. 

By the way, if you’re not ready for our VAX-based 
system, you can start with our compatible EMUNET-1 
with a PDP-11" host, or even a stand-alone ECL-3211. 
Then, as your application grows,work up to EMUNET-2 
and VAX. All your hardware and software are trans- 
portable from system to system. 


ENGINEERS LOVE EMUNET. 

No other system combines 
the power of VAX with 

the independence of intel- 
ligent workstations the 
way EMUNET does. Which 
is why it’s a favorite of so 
many hardware and soft- 
ware engineers. Of course, 
they also like workin 

with the sophisticate 
development tools of the 


world’s most advanced development system, the Emu- 


logic ECL-3211. 
And, if you manage any kind of development 


project, you'll find our system offers unequaled coordi- 
nation and control of the entire project. . 

Emulogic’s EMUNET-2. Isn't it about time you woke 
up your VAX? 


tion workstation. At that speed, your designers won't 

waste time waiting to download their programs. 
What’s more, our cable is 5000 feet long and flexi- 

ble. So you can configure EMUNET any way and any- 


For more information, write Emulogic, Inc., 
where you want. 3 Technology Way, Norwood, MA 02062. Or call 
THE WORLD'S BEST MULTI-USER 800-435-5001. 
uP DEVELOPMENT SYSTEM. VAX and PDP-11 are registered trademarks of Digital Equipment Corporation. 


EMUNET is a trademark and Emulogic is a registered trademark of Emulogic, Inc. 


EMULOGIC 


MICROPROCESSOR 
DEVELOPMENT SYSTEMS 


EMUNET22 is a giant of a system. It combines the pro- 
cessing power of VAX with features no other develop- 
ment system can come close to duplicating. Such as 
high-speed, no-wait-state emulation. Eight 78-channel 
real-time breakpoints. Full-speed, 32-bit maps and 
offsets. And a 511 x 72-bit real-time trace with full 
disassembly. 

And EMUNET is no dummy. Every intelligent emu- 
lation workstation can offload your VAX and work 
independently from the host. Virtual disk software 
makes all disk operations transparent to VAX. 


BE SURE TO VISIT US AT @®) Wescon/383 


European Distributors: Austria: Walter Rekirsch, e 222) 235555; Denmark: Instrutek, (45 5) 611100; France: YREL, (33 3) 9568142; Netherlands: Software Sciences, (31 7) 461331; 
Sweden: Aktiv Elektronik AB, (46 8) 7390045; Switzerland: Instrumatic AG, (41 1) 7241410; United Kingdom: MSS, (44 494) 41661; West Germany: Instrumatic Electronic GmbH, (49 89) 852063. 
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There’s no end to tt. 


Stop searching. Nobody offers you a greater 
potful of planar interconnect solutions than 
Amphenol. 

Our expertise in the design, development 
and production of Spectra-Strip” planar 
cable, IDC connectors and complete inter- 
connect systems, makes it easy for us to 
make planar assembly easy for you. 

You can get the quality products and service 
you need. Fast. We make more varieties of 
planar cable for special applications than 
anyone else. Anywhere. Of course, we've got 
a wide range of IDC connectors to match. 


©1983 Allied Corp 


From computers, to communications equip- 
ment, to instrumentation, Spectra-Strip 
cable and connectors are your cost-effective, 
no-hassle interconnection solution. 

Get our quote on complete assemblies. 
We can give you a uniquely engineered 
planar system that will lower your total 
installed cost. 

In planar products, there’s no end to what 
we can do for you. And we're easy to find 
today. For more information, technical and 
application data, and prices... 


Call the Amphenol planar quote line 1-800-227-0203 
Amphenol 


An AALUED Company 


at WESCON/83 — Booth 3610-16 
Amphenol World Headquarters: Oak Brook, IL 60521 


Make you Amphenol connection 


San Francisco — November 8-10 
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METHEUS 
OEM GRAPHICS 


STILL 
A GENERATION 
AHEAD 


INTRODUCING (500 
DISPLAY CONTROLLER 


Last year we brought you the 2400 Display 
Controller, with 1024 x 768 resolution, 8-bit planes 
and one million pixels/second vector drawing 
speed. This innovation introduced state-of-the-art 
color graphics performance from a single circuit 
board, providing OEMs with the ultimate in 
reliability, flexibility and price. 

Today, Metheus has moved even further ahead of 
the competition with the introduction of the 500, 
the first of a new generation of color graphic display 
controllers. 


New standards in resolution, refresh 
and ergonomics. Still on a single board. 


The 1500 Display Controller sets a new standard 
in graphics display ergonomics, bringing you 
brighter, crisper images and truly flicker-free 
displays. It has the highest resolution available, 

1280 x 1024 at 60Hz non-interlaced refresh, the rate 
needed to drive the latest 100 MHz monitors. 

(1500's bit-slice processor supports drawing speeds 
ranging from 1.5 million to 120 million pixels per 
second. 

And, once again, Metheus’ advanced graphics 


<1 
ert 


wil 


technology is neatly packaged on a single board for 
exceptional reliability and efficiency. On-board 
signature analysis circuitry and extensive 
self-testing capability ensure consistent, dependable 
operation and fast diagnosis of any malfunction. 

A Writeable Control Store (WCS) feature allows 
OEMs to customize the controller’s instruction set 
for a wide range of specialized customer 
applications. 

And (1500 is compatible with (1400 software. 


Let Metheus put you a generation ahead. 


The (1500 is available as a controller alone or as an 
integrated graphics subsystem incorporating a high 
resolution monitor. And it is available for 
immediate delivery in quantity. 

If color graphics are a part of your product, you 
owe it to yourself and your customers to talk to 
Metheus today. 


Metheus Corporation, P.O. Box 1049, 
Hillsboro, OR 97123, (503) 640-8000 


penne 
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High capacity optical disk system appears at last 


Shugart Corp’s Optimem 1000 laser-based optical disk drive is shown with an 
SA801 8” floppy for size comparison. 


Until recently, optical memory aimed 
at computer systems has been basi- 
cally a laboratory project. But the 
Optimem 1000, a 1G-byte optical disk 
from the Optimem Division of 
Shugart Corp (formerly Shugart 
Associates), is about to appear for 
1984 systems. 

The Optimem 1000 produces a 
“‘write-once, read-often’’ disk—it 
cannot be erased and rewritten, since 
the laser permanently deforms the 
reflective material in the process of 
writing. This was viewed as a dis- 
advantage when the technology was 
first investigated, but it is now seen 
as a way of creating archival com- 
puter records. 

Magnetic records decay over time, 
and valuable data and imagery can be 
lost. However, the optical medium 
used in this system has a very long 
lifetime. Although no body of expe- 
rience with the medium exists as yet, 
testing indicates that it should survive 
in readable condition for several 
decades. 

The system uses a gallium alumi- 
num arsenide semiconductor laser 
operating at a nominal wavelength of 
830 nm and a peak power level of 15 
to 20 mW, to write data on one side 
of a 12” optical disk. Data are writ- 
ten as circular or slightly elliptical 
bubbles in the proprietary reflective 
disk surface developed by Thomp- 
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son-CSF (Paris, France). Since the 
track width is, in effect, the width of 
a data bit, the bpi and tpi are equal 
at 14.5k. Reading is done with the 
same laser, but at much lower power 
(1 to 2 mW). Laser light is reflected 
from the data surface and detected by 
a photodetector. Lack of a signal, 
due to a dark area produced by a 
bubble in the surface, is interpreted 
as | bit. 

Optical disks for the system are 
pregrooved and preformatted in a 
manner similar to that used for 
Laservision optical video disks and 
digital audio disks. Precision mas- 
tering allows Thompson-CsF to pro- 
duce large quantities of disks with an 
areal density of 2 x 108 bpi?, and to 
price them at approximately $100 
each in OEM quantities. 

A voice coil actuator similar to that 
used for magnetic disk drives controls 
the optical read/write head. Average 
access time is 150 ms, and the 
maximum data rate is 5M bps. A 
hardware board developed by Cyclo- 
tomics (Berkeley, Calif) handles error 
correction. As data are written to the 
disk, an additional 80 bytes of redun- 
dant data are added to each record. 
When each record is read back, the 
error-correcting circuitry uses an 
improved Reed-Solomon code to 
ensure an error rate of less than one 
error in 10!2 bits read. The error- 


correcting circuit imposes a delay of 
two record times, which is approxi- 
mately 217 ws at a nominal 5M-bps 
data rate. 

Areas such as medical imaging (ie, 
X-rays, and CAT-scanning data), 
archival storage of accounting or 
security data, and distribution of 
large data bases are all likely system 
applications. In addition, ‘‘date 
stamping’’ individual records would 
enable the system to serve as a 
pseudoread/write disk—only the 
most recent copy of a file would be 
returned in response to a request for 
a given file name. 


Similar systems to be announced 

Several other companies are pre- 
paring to introduce similar optical 
disk systems in the near future, ac- 
cording to informed industry sources. 
For instance, Storage Technology 
Corp (Louisville, Colo) has an- 
nounced that it will be shipping eval- 
uation units this fall, with volume 
shipments in the spring of 1984. 
RCA’s Government Systems Division 
(Moorestown, NJ) is also working on 
an optical memory unit, although 
when it will be introduced is not yet 
clear. 

More directly competitive, Optical 
Peripherals Laboratory (Colorado 
Springs, Colo), a joint venture of 
Control Data Corp (Minneapolis, 
Minn) and Philips (Eindhoven, the 
Netherlands), is expected to introduce 
a 1G- to 5G-byte unit soon. NEC 
Electronics U.S.A., Inc (Santa Clara, 
Calif) showed a demonstration unit 
privately at NCC this year. Several 
other Japanese companies including 
Sony, Hitachi, and Matsushita will 
reportedly introduce units at the 
Osaka Business Show this month. All 
of these units will be aimed at the 
domestic market for graphic storage 
of Kanji (ideographic) text. 

Another possible entrant is Thomp- 
son-CsF, the optical disk manu- 
facturer that is expected to show a 
rotating optical memory unit at 
Comdex in Las Vegas next month. 
Shugart and Thompson do have a 

(continued on page 32) 


Focus on Cross- 
Domain Analysis: The 


Electronic Workbench! 


Cross-domain 
analysis is a new test 
methodology that 
requires the combina 
tion of two or more 
distinct measurement 
functions to trace or 
quantify hardware and 
software interactions. 

The table 
below describes some 
of the many analysis 
tasks that fall into the 
cross-domain category. 

The need for 
cross-domain analysis 
has grown out of the 
increasing complexity 
of hardware and soft- 
ware functions. 
Although cross- 
domain analysis can 
be achieved by inter- 
connecting individual 


1. Verify your system's 
power-up subroutine 
when +5V power is first 
applied 


Trigger state section from waveform 
section. State analyzer captures 
power-up subroutine; waveform ana- 
lyzer captures associated +5V turn-on 
characteristics. 


2, Monitor 1/0 hardware 
subsystem operation 
when 1/0 subroutine is 
executed 


Trigger timing section from state sec- 
tion. Timing analyzer captures 1/0 
hand-shaking signals and data; state 
analyzer captures associated 1/0 
subroutine 


3. Examine interrupt sub- 
system software 
execution. 


Trigger state section from timing sec- 
tion. State analyzer captures interrupt 
subroutine; timing analyzer captures 
hardware interrupts. 


4. Trace overall hardware. 
software interactions 
in a process controller 
product 


Trigger state section from timing sec 
tion which in turn is triggered from 
waveform front-end. State analyzer 
Captures process controller software: 
timing analyzer captures digitized 
transducer output when triggering by 
the analog input crossing a pre-set 
threshold 


5. Measure subroutine 
execution time 


Start counter-timer with subroutine 
entry address and stop it with exit 
address. Counter-timer's interval mode 
then reads execution time 


instruments from different manufac 
turers—interfacing problems and 
operational complexities has made 
this approach impractical. 

Because of this fact, a trend is 
developing towards the Electronic 
Workbench. An Electronic 
Workbench is defined as a multi 
functional instrument system where 
all measurements are controlled 
through a single ASCII keyboard and 
all results are displayed on a single 
CRT. In its basic form, such an 
instrument system is typified by the 
NPC-748. 


For more advanced 
tests and test automa- 
tion, a floppy disk and 
an operating system 
are added as typified 
by the NPC-764. 

The Electronic 
Workbench is not a 
new concept. Prior to 
the incorporation of 
the microprocessor 
into test equipment, 
the only advantage 
that early multifunc 
tional instruments 
offered was compact 
packaging. For each 
test function, dedi- 
cated switches still 
had to be set, knobs 
still had to be rotated 
and readouts 
interpreted. There 
was no unified test 
methodology. 

With the NPC-700 series, the 
historic objections that users had to 
multifunctional instruments were 
overcome. This was accomplished 
by using a single ASCII keyboard 
and CRT interface and a “start sim 
ple and build” test methodology 
that allows routine, independent 
measurements to be performed with 
little or no set-up. As increasingly 
complex measurements are needed, 
more powerful functions are 
accessed on an “‘as required” basis. 
For cross-domain analysis simple 
keystroke commands are used to 
link various internal analysis 
resources. 


For a complete set of Designer Notes, call 
(800)-NICOLET, (4/5) 490-8300 (Calif.); In 
Canada: (416) 625-8302. TWX: 910-381-7030, 
Nicolet Paratronics Corporation, 201 Fourier 
Avenue, Fremont, CA 94539. 


c= Nicolet 


Leading The Way In Analysis Technology 
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High capacity 
(continued from page 30) 
technology transfer agreement, but 
no agreements on joint marketing. 
Prior to these announcements, 
Shugart was predicting the introduc- 
tion of an optical disk unit in early 
1984. The reason for the early intro- 
duction, and showing of sample 
drives at Comdex, may be the immi- 
nent appearance of the other manu- 
facturers’ units. 


The Optimem 1000’s dimensions 
are 7" x 17.6” x 24” (18 x 44.7 x 
61 cm), and it weighs approximately 
50 lbs (23 kg). Price for the system 
is approximately $10,000 in unit 
quantities, and $6000 in quantities of 
500, with appropriate OEM discounts. 
A Small Computer System Interface 
(SCs!) bus controller is in develop- 
ment, but pricing has not yet been 


Vendors hedge on rigid disk interface specs 


Fence-sitting remains a popular occu- 
pation for many vendors of 5%” 
Winchester disk drives and controllers 
as two announced interface pro- 
posals jockey for position to replace 
the STS06 interface in high capacity 
drives. The Enhanced Small Disk 
Interface (ESDI) and the American 
National Standards Institute (ANSI) 
BSR X3.101 are both being proposed as 
standards. ESDI supporters include 
Maxtor Corp (Santa Clara, Calif) 
and OMTI (Campbell, Calif), while 
Priam Corp (San Jose, Calif) and 


Xebec Corp (Sunnyvale, Calif) just 
as vehemently advocate the BSR 
X3.101 specification. 

As yet, however, most drive and 
controller manufacturers remain 
uncommitted to either interface pro- 
posal. High volume manufacturers 
including Seagate Corp (Scotts 
Valley, Calif), Shugart Associates 
(Sunnyvale, Calif), and Tandon 
Corp (Chatsworth, Calif) have not 
participated in the debates concern- 
ing either interface. As a result of in- 
ertia contained within each proposal, 


High Performance 5%” Rigid Disk Interfaces 


Parameters 


ANSI BSR X3.101 


Data 
transfer 
rate 


Cables 


10M bps 


Single 50-pin 
Data Yes 
separator 
on drive 
ST506-type 
protocol 
Compatible 
with ST506 
controllers 
and drives 
Drive 
vendors 


No 


No 


Xebec 
DTC 
Interphase 


Controller 
vendors 
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Enhanced Small 
Disk Interface 


34 and 20 pins 
(ST506 compatible) 


Modified 
ST506 


10M bps 8.2M bps 


34 and 20 pins 
(ST506 compatible) 


Yes No 


Possible in 
step mode 


No 


Disctron 
Memorex 
Maxtor 
MP1I/CDC 
OMTI 
DTC 
Emulex 


determined. Evaluation units are 
scheduled for shipment in the first or 
second quarter of 1984, with volume 
shipments expected in the third or 
fourth quarter. Shugart Corp, Opti- 
mem Div, 475 Oakmead Pkwy, 
Sunnyvale, CA 94087. 


—Sam Bassett, Field Editor 
Circle 240 


it may be six months to a year before 
one interface emerges as an industry 
standard. 


Interface comparisons 

Although the debates typically 
characterize distinctions, the ESDI 
and BSR X3.101 specifications have 
many similarities when implemented. 
Perhaps the most important com- 
mon attribute is the data separator’s 
placement on the drive rather than 
on the controller. Both interfaces 
also transmit data in a serial mode 
where the drive is told to go to a 
specified track and sector and begin 
read/write operations. 

Cost was a major factor in the 
way that the older ST506 and its 8” 
SA1100 predecessor were imple- 
mented. To keep the price of the ini- 
tial STS506 drives down, the drive 
interface was kept as simple as pos- 
sible, with the disk controller con- 
taining most of the intelligence. 

Therefore, the controller must 
not only separate the clock and data 
signal from a multiplexed line, but 
generate step pulses as a means to 
step across individual tracks before 
read/write operations can occur. 
Although several vendors buffer 
step pulses to reduce seek times, the 
significant overhead involved in the 
stepper mode limits the ST506 inter- 
face’s ability to handle higher disk 
capacities with fast access times. 

In contrast, removing the clock 
signal from the data at the drive 
itself (as in the more expensive ESDI 
and BSR X3.101 interfaces) allows 


(continued on page 34) 


“DEC AND HP 
_ HAVE A LOT 
TO OFFER. 
EXCEPTATRUE 
REAL-TIME, 
SINGLE BOARD 
COMPUTER’ 


INTRODUCING THE 
SINGLE BOARD CLASSIC. 


The Single Board CLASSIC 
from MODCOMP is just what 
OEMs Rave been asking for in 
demanding real-time applica- 
tions. It’s a complete, high- 

<<" performance, real-time computer 
witha . CPU, 512K bites of memory, I/O processor, 
floating point unit, and console interface all on a 
single board. 

Offering the performance of a minicomputer at 
a microcomputer price, the Single Board CLASSIC 
is fully compatible with the CLASSIC II line of real- 
time computers. Using MAX IV, the fastest real-time 
operating system in the industry, CLASSIC com- 
puters respond to external events in microseconds, 
simultaneously handling thousands of interrupts 
per second. 

The Single Board CLASSIC. It’s the real-time 
he computer you can not get from DEC and HP. For 
more information, call our toll-free number today. 


1-800-327-7042 


~ 


aa \f \ ® 
| ur Cor puter Scat Inc. 1650 West McNab Road, P.O. Box 6099, Fort Labierdale, FL 33310, (305) 974-1380 
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Vendors hedge 

(continued from page 32) 
individual clock and data lines to be 
used. Data rates are extended to 
10M bps through the use of non- 
return to zero, change on | (NRZ1) 
data encoding techniques, rather 
than holding to the slower rates via 
modified frequency modulation 
(MFM). Disk drives can readily sup- 
port capacities exceeding 100M 
bytes with the higher data rate. In 
addition, the serial transmission 
mode called for in either proposed 
interface can keep average access 
times down to 35 ms. 


Compatibility questions 

With much in common, the BSR 
X3.101 and ESDI specifications seem 
to differ only in the physical cable 
used and ambiguities within the 
command set. Yet, such minor dif- 
ferences raise compatibility ques- 
tions significant enough to delay the 
manufacturers’ commitment to 


either interface. Only four of the 15 
drive vendors endorsing the ESDI 
are actively designing 


proposal 


products—Disctron, Inc (Milpitas, 
Calif), Magnetic Peripherals, Inc/ 
Control Data Corp (Oklahoma 
City, Okla), Maxtor, and Memorex 
Corp (Santa Clara, Calif). 

Likewise, Priam Corp has failed 
to win over other principal vendors 
of 8” BSR X3.101 drives, such as 
International Memories, Inc 
(Cupertino, Calif) and Micropolis, 
(Chatsworth, Calif) which are most 
likely to implement that interface on 
their 54" products. Most controller 
manufacturers show no preference 
for either interface. Perhaps as a 
compromise, Data Technology 
Corp (Santa Clara, Calif) hedges its 
bets by having controllers available 
for either interface. 

Cost and technical superiority 
play little part in the deliberations. 
According to Priam Corp’s calcula- 
tions, the cost of implementing 
either interface on a computer sys- 
tem differs by less than $2. Both 
factions agree that neither interface 
is technically superior to the other. 


Success. 


In 1978 we introduced the FAST™ family of 
high-speed logic. 
In 1983 we had our first million-unit cus- 
tomer. And will have FAST LSI into production, 
for a total of 100 FAST devices. 
For the FAST in your future, see your 
nearest sales office or distributor or contact 
the Product Marketing Dept., Fairchild Digital 
Products Division, 
333 Western 
Avenue, South 
Portland, Maine 04106. 


fe Sa 
FAIRCHILD 


A Schlumberger Company 


FAST is a trademark of Fairchild Camera and Instrument Corporation for Digital Products. Fairchild Camera and Instrument Corporation 
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The major delay seems to stem from 
the extensive redesign involved in 
moving the data separator to the 
disk drive. This in turn causes each 
vendor to carefully scrutinize each 
interface for any other required 
modifications. 

The BSR X3.101 specification 
changes the 2-cable connection (34 
and 20 pins) used in the ST506 inter- 
face to a single 50-pin ribbon cable. 
The ESDI proposal retains the same 
cable setup used in ST5S06, but 
redefines many of the signals for 
serial operation. A stepper mode is 
also specified in the ESDI that retains 
most of the ST506 signal definitions 
and commands, while still transmit- 
ting NRZl-encoded data. BSR X3.101 
also specifies an 8-bit wide bidirec- 
tional bus for the command proto- 
col, while ESDI uses a 16-bit serial 
line—another difference noted 
among the specifications. 

Perhaps more troublesome than 
physical differences is whether 
either interface can be thought of as 
a standard, whether de facto, as was 
the STS506, or blessed by a sanctioning 
body such as ANSI, IEEE, or ISO. 
Compatibility of different vendors’ 
disk drives built to a published spec- 
ification with different controllers 
built to that same specification has 
become of extreme importance. 

Both interface proposals contain 
enough ambiguities in their pub- 
lished specifications to hinder com- 
patibility among different drive and 
controller implementations. Even 
sanctioned standards cannot deter- 
mine who is responsible if drives 
and controllers do not work with 
each other. There are incipient, 
problematic concerns surfacing 
from each interface proposal. 

The ESDI still contains unresolved 
questions regarding maximum data 
rate (20M or 24M bps), as well as 
specific soft-sectored formats and 
run-length limited codes. The BSR 
X3.101 specification is so broad in 
implementing optional command 
sets that several vendors, including 
International Memories, Kennedy 
Co (Monrovia, Calif), Micropolis, 
and Priam have discussed what 
should be considered a ‘‘standard’’ 
implementation of the interface for 
8" disk drives. Several vendors agree 

(continued on page 36) 


_ manipulations 

im seconds, not hours. — 

With Mini-MAP...The Array Processor 
For The Graphics OEM 


For tough image processing 
problems like pixel rotation, 
picture regeneration, or hid- 
den line removal from wire 
frame models, Mini- MAP 
gets results in seconds, not 
hours. Attach a Mini-MAP, 
model MM-111, to a PDP-11 
UNIBUS and you have an 
interactive number cruncher 
that is ideal for image processing, 
CAD/CAM, solid modeling, 
simulation, and animation. 
Shared memory simplifies programming and 
provides the unprecedented throughput necessary 
for truly interactive image processing of complex 
algorithms. 32-bit floating point arithmetic, along 
with 7 MFLOPS of number crunching power, adapts 
to any input data format with ease. 

including an 


we _ expanding selection of 


—_— image processing algorithms 


A scientific sub- 
routine library 


of FORTRAN 


callable routines 


Courtesy of A! Barr, Raster Technologies, Inc 


is available for Mini-MAP. 
For optimum performance, 
high-level FORTRAN 
control languages are 
provided for both the host 
and Mini-MAP. 


Memory is expandable up to 
16 MBytes. Configurations 
include a four-board set with 
DEC-type backplane or 
fully packaged systems. 


System integrators are finding Mini-MAP is the most 
cost-effective number crunching solution for image 
manipulation. Write for information or call toll-free 

1 800 325-3110 for applications assistance. 


@ 32-bit floating point precision 

m Shared memory UNIBUS interface 

m 150 FORTRAN callable arithmetic routines 
w Up to 16 MBytes of memory 

w 1024 x 1024 2-D real FFT in 8.8 seconds 


m 1280 x 1024 4-color image rotation (Raster Scan 
Storage Format) in 27.5 seconds. 


DEC, PDP-11, and UNIBUS are trademarks of Digital Equipment Corp. 
Mini-MAP and MM-111 are trademarks of CSPI 


CSpi 


THE ARRAY PROCESSORS 
40 Linnell Circle, Billerica, Massachusetts 01821 * 617/272-6020 * TWX: 710-347-0176 
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Vendors hedge 

(continued from page 34) 

that a similar effort is needed to 
bring the BSR X3.101 proposal into 
the 5144” realm. Questions pertain- 
ing to soft-sectored formats and 
run-length limited codes are also not 
fully addressed in the BsR, although 
general provisions are made for both. 


Pushed to the limits 
Because of these unanswered 
questions, some vendors are choos- 


DEWELOP MENT SYSTEMS 


ing a third path to higher disk 
capacities. That is, to push the 
proven ST506 interface past its pre- 
sent SM-bps data rate. Both Evotek 
Corp (Fremont, Calif) and Vertex 
Peripherals (San Jose, Calif) plan to 
increase the data rate to around 8M 
bps, while retaining ST506 signal def- 
initions and commands. 

However, compatibility with 
other ST506 disk drives is lost since 


Software tools automate circuit designs 


Design automation systems grow by 
adding software tools to a hardware 
base. Both hardware design and 
verification become relatively auto- 
matic using circuit design software 
running on Daisy Systems Corp’s 
Logician and Gatemaster design sys- 
tems. One package lets users design 
and realize finite state machines; the 
other two use the data base created 
for the company’s logic simulator to 
help build testability into ICs and 
systems, and to verify the testability. 

A finite state machine (FSM) is a 
common way to describe what a cir- 
cuit is intended to do, and in what 
order. Every possible action is 
described, as well as every possible 
reaction to inputs. However, build- 
ing an FSM manually, even with 
PLAs, is a time-consuming and 
error-prone process. 

Daisy Systems’ hardware com- 
piler includes a graphic language, 
which uses three symbols, for 
building state machines. A state box 
describes the outputs of the system 
between clock pulses, a decision box 
shows the possible results of inputs 
to the system, and a conditional out- 
put box depicts which outputs occur 
as the system changes from one state 
to another. An underlying assump- 
tion is that the system changes state 
every time a clock pulse is received. 

In addition, the hardware com- 
piler can translate the graphic repre- 
sentation to a linguistic one, which 
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STATE 0 | 000 


STATE 3} 011 


modifications are needed to the data 
separator (primarily changing com- 
ponent values for resistors, capac- 
itors, and crystals) and to some 
firmware portions of the controller. 
Other vendors are investigating this 
modified ST506 interface as an 
interim solution until either BSR 
X3.101 or ESDI emerges as the indus- 
try leader. 


—Joseph Aseo, Field Editor 


As part of Daisy Systems’ hardware compiler, a simple finite state machine 
controls a set of four lights, noted as red (R), green (G), blue (B), and white (W). 
There are six distinct states, and two input signals (UP and sToP). The flow of 
control passes from a given state (boxes) through a decision point (diamonds) on 
every clock pulse. When stop is true, the FSM cycles forever through a lamp test 


(state 111). 


can be compiled into a procedure 
for programming a logic array. The 
two major constructs of this lan- 
guage are the familiar IF (variable) 
THEN...ELSE...and NEXTSTATE. 
The user can also enter a description 


of the state machine directly in the 
PLA compiling language. 

At this point, the compiled PLA 
specification can be run through a 
minimizer to find the minimum 

(continued on page 38) 


THE NEW ICD 
ADVANTAGE 


Zax Corporation believes in 
giving you an advantage in 
your In-Circuit Emulation! 


Our new ICD-178 8086-8088 In-Circuit 
Emulator gives you, as standard features: 
0) Processor Supported 8086, 8088, 8087 
O RealTime Emulation 8 MHz 
(5 MHz for Co- 
Processor) 
O Emulation Memory 128K Bytes 
(Expandable to 
1M Byte) 
O Hardware Breakpoints 3 
(4 with event 
trigger) 
0 Software Breakpoints 8 
. 1 Real Time Trace Buffer 4K x 40 
PLUS MANY MORE STANDARD FEATURES 
Zax Corporation invites you to see and 
compare the advantages of the ICD-178 
8086-88. You owe it to yourself. 


CLOCK 


For complete details and further information 


please call: 
1-800-421-0982 


Zax Corporation 344.454.1170 


WM £65 0S 
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Software tools 

(continued from page 36) 

number of inputs and _ choices 
needed to make the state machine 
run properly and to increase its 
speed. Once the data required to 
build an FSM are available, FPLAs, 
PLAS, PROMS, Or EPROMS can be 
programmed via an RS-232 connec- 
tion to a device programmer. 


OPMENT SYSTEMS 


The compiler runs entirely within 
the Daisy engineering environment 
and lets the designer specify circuit 
behavior without worrying about 
physical implementation. Since the 
computer system maintains the 
design file, necessary changes can be 
made easily, and the state machine 


3 Reasons 


1. Speed up your design - Call today, have evaluation units tomorrow! 
2. Improve performance - 16 bit power in a small (100 x 160 mm) size. 
3. Save money - and gain flexibility with single height boards. 


you should call us for 


VME Bus Modules 
and Systems. 


Complete your design quickly with easy-to-package single height VME 
microprocessor modules from MIZAR. All the features you want are 
already designed into our modules. If you are looking for a low cost 
software ft system, our VME9000 includes an 8 slot 


System 68000 CPU 
ROM/RS232 


68000 
Controller ROM/RAM 


QUAD FLOPPY 
PARALLEL CONTROLLER 
Bern ned 


——— 
GPIB/DMA 
INTERFACE 


VIDEO 
CONTROLLER 
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motherboard, a system controller, 
a 68000 CPU module, 128K 
dynamic RAM module, 4 serial 
ports, two 5%” floppy disk drives, 
power supply, card guides, 
enclosure and CP/M 68K* 

Call Toll Free 1-800-328-8322 ext. 41 


BYTEWIDE 


128K Memory QUAD 
MEMORY 


SERIAL 


GPIB 
INTERFACE 
*CPIM is a trademark of 
Digital Research. 


302 Chester Street, St Paul, MN 55107 
Phone: (612) 224-8941 Telex: 469542 
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is verified as correct in the initial 
stages of the design process. 


Building in testability 

Testing complex VLSI devices also 
typically eats up time and resources. 
Quality control, on the other hand, 
is an absolute necessity. 

The Daisy testability analyzer 
runs on the company’s Logician and 
Gatemaster workstations and uses 
the same data base as the logic simu- 
lator. Both the Ic and system-level 
designs can be tested interactively or 
automatically with the analyzer. 
Used in conjunction with the logic 
simulator early in the design cycle, it 
can indicate how testable a digital 
circuit is and suggest possible 
improvements. 

After a few iterations with the 
testability analyzer, a test program 
can be generated for the proposed 
circuit. This test program is then 
passed on to the fault simulator for 
verification. The fault simulator 
completes a statistical simulation, 
selecting nodes to be tested either at 
random, or as specified by the user. 
Both visible faults that cause a mea- 
surable change in the circuit under 
test and invisible faults can be simu- 


| lated. The program generates com- 


prehensive fault reports, a fault 
dictionary, and histograms, as well 
as supports incremental test vectors. 
All three programs are supplied as 
part of the standard set of software 
tools for new machines, and as no- 
charge upgrades to existing systems. 
Daisy Systems Corp, 139 Kifer Ct, 
Sunnyvale, CA 94086. 
Circle 241 
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Get your own 

If you’re reading someone 
else’s copy of Computer 
Design, why not get your 


own? To receive a 
subscription-application 
form, circle 504 on the 
Reader Inquiry Card. 


This Lundy has an all-pervasive 
breath-takingly beautiful 4097th color. 
It’s called high resolution. 


Lundy’s T5484 Color Raster Graphics Terminals have the highest color resolution available. 
Think of that resolution as a Super Hue—a 4097th color—that mixes with all other 4096 colors 
to make each as sharp as you’ve ever seen. 


Our 5480 Series of color raster termi- 
nals and workstations aren’t the only 
ones with 4096 colors. But the colors 
have never looked so good. Because 
resolution has never been higher. 


New standards. 


The 1536 x 1024 pixels set a new 
standard for displayable resolution. 
Raster staircasing is significantly reduced 
without the complexity of anti-aliasing. 

But new standards don’t stop with 
highest resolution. Areas are filled vir- 
tually instantaneously so the 5480 Series 
also sets a new standard for polygon fill. 

Vector generation sets a new standard, 
too. The time lapse between the mo- 
ment you draw until the picture is 
generated is as much as 50 percent 
faster than many others. 


Enemy of obsolescence. 


You shouldn't be forced to ditch 
programs in place when you buy a new 
terminal. For that reason, standard with 
all 5000 Series models is a Tektronix 


Lundy’ 5484 color raster design workstation. 


4010 or 4014 Emulator with mixed-mode 
software switch for enhancing existing 
programs with color-native protocol. 
Currently, our terminals can be driven 
by many of the leading software prod- 
ucts. And the list is growing rapidly. 
Because Lundy is committed to an ag- 
gressive third-party software develop- 


ment program to provide the most 
comprehensive application packages. 


Lundy will help you 
see more in graphics. 


When you look at our 5480 Series, 
take a close look at Lundy, too. We're a 
company thats as good as its products. 

A company that balances high tech 
with solid business sense. 

A company as proud of its service 
(one of the largest service organizations 
in the industry—39 locations nation- 
wide) as its engineering expertise. 

A company you can count on to help 
you see more in graphics—and get 
more out of graphics—both now and in 
the long term. 

For more information, write 
Lundy, Glen Head, New York 11545, 
or call: (516) 671-9000. 


The Lundy 5484 displays 16 high resolution colors at a time. User downloadable character fonts; programmable character sizes. 


est i 
—— 
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Share is 
the reward 
for quality. 


We've been rewarded. 

Computer Memories is the 
leader in large-capacity 514” Win- 
chester disk drives. That didn’t 
happen by accident. We simply deliv- 
ered the high quality that the 
market demands. 

We did it with optimum design 
and strict quality control. By using 
proven concepts and only quality 
materials, and then completely test- 
ing for all possible defects. 

For instance, every Computer 
Memories drive is placed in a dedi- 
cated burn-in room at 120°F and 
then operated constantly for three 
full days. If there is even a slight 
out of spec condition, it isn’t shipped. 

We also make random selec- 
tions of drives and submit them to life 
tests, in which they are operated 
day after day, month after month. 
The eighth unit we ever produced 
is still being life-tested, and is still 
running strong. 

The result of all this testing is 
a remarkable plug-and-play reli- 
ability record for our complete 
line of 12, 19, 
26 and 40- 
megabyte 
drives. It’s a 
reliability 
record that 
nobody else 
within the industry can match. 
That’s why we have a position in 
the market nobody can touch. 


The capacity leader. 


Computer 
FV Memories 
G Incorporated 


9216 Eton Avenue, Chatsworth, CA 91311 (213) 709-6445 / 

Ft. Worth, TX, (817) 332-7859/Costa Mesa, CA, (714) 

241-9260/ Springfield, MA, (413) 783-2386 /In Europe: CIRCLE 26 
Bray-onThames, Berks, UK, 06283-4281 Telex 847591. 

For small quantities, call Schweber Electronics, 

(800) 645-3040. 
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Symbolic debug, code analyzer ease microprogramming 


Microprocessor and bit-slice de- 
signers benefit from symbolic debug 
and performance analysis features 
added to Step Engineering’s Step-7 
firmware integration and test sta- 
tion (FITS). The microcode develop- 
ment system now displays source 
code so that users no longer need 
refer to an assembler listing to inter- 
pret the address sequence in the 
trace buffer. By applying labels that 
remain the same from one assembly 
to the next, users can also specify 
addresses. In addition, performance 
optimization allows offline analysis 
of the trace buffer contents to show 
address, event, and time-interval 
distributions. 

Symbolic debug capability con- 
sists of two elements: user source 
(USOURCE) and user symbol 
(USYMBOL). USOURCE allows users 
to read instruction mnemonics and 
labels directly rather than having to 
painstakingly correlate them with 


the numeric display or printout of 
the microcode. By interleaving lines 
of source code with the display of 
the writable control store’s contents 
USOURCE permits easy comparison 
with the original assembly listing. 
By allowing users to reference mem- 
ory locations with source code sym- 
bols, USYMBOL provides a bridge 
between microde and program 
source code. 

When the trace buffer contents 
are displayed, they very often con- 
tain realtime address sequences that 
jump around a great deal. The inter- 
leaved source listing allows users not 
only to see the instruction source 
listing in the order of execution, but 
to check the current machine state 
also stored in the trace buffer. 

In addition to defining and using 
symbolic names to specify addresses, 
designers can use them to specify 
breakpoints. Thus, after one or 
more reassemblies, which can alter 


Mouse Controls 
Cursor Control The Easy Way 


They operate on any surface. They're easy to use. And they're durable. 


They’re the new Series 122 mouse for cursor control. From 


Measurement Systems, of course. 


The key feature of these versatile user friendly position entry 
devices is the long-life x and y optical encoders. They're independ- 
ently driven, with very low friction and torque requirements. That 
makes the controls exceptionally easy to use. And it reduces to a 
bare minimum the chance that dirt or loose materials will interfere 


with normal operation. 

You can get any of the Series 122 
mouse controls with quadrature 
square wave output, scaled pulse 


output, variable pulse rate or coded 
digital, in up to 3 function switches. 


Standard counts range from 20 to 
300 per inch of mouse motion. 


Once you've seen these controls 
in action, you’ll be a confirmed 
mouseketeer, too. Contact us for 
more information. 


MS 
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Measurement Systems, Inc. 


121 Water Street, Norwalk, CT 06854 203-838-5561 
CIRCLE 28 


the position of addresses, the func- 
tional breakpoints defined as sym- 
bols will remain in the desired 
program flow locations. 

This proves quite convenient when 
used with the Step-7 GO command, a 
‘Sump and execute’? command for 
the target processor. Instead of 
specifying an absolute address, 
users name the starting point and 
desired breakpoints, using their 
labels in much the same manner as 
with a microprocessor development 
system. 

The performance optimization 
and analysis tools operate with the 
logic (LSA-1), which is part of the 
Step-7 development system. They 
deal with the fact that microcode, 
even after it is debugged and run- 
ning correctly, may not be running 
efficiently. 

Event occurrence allows both 
16-bit addresses, and 16- or 32-bit 
data that are entered in the trace 
buffer, to make up an event. Since 
not every event bit is pertinent to the 
analysis, it is possible to use a 
*‘don’t-care’’ mask to disable 
selected bits. Thus, an event can be 
address, data, or some user-defined 
combination of address and data. 
Up to eight events can specify any 
given analysis. 

Time interval measurement de- 
picts a histogram of the time spent 
in a given memory range. The 
address histogram displays the per- 
centage of time spent in specific 
addresses as defined by their sym- 
bolic label. 

Analysis results are used to detect 
problem areas and to determine 
minimum, maximum, and average 
times for ‘‘wait’’ or ‘‘status check’’ 
routines. Step-7 typically sells for 
$20,000 with 30-day ARO availabil- 
ity. Step Engineering, 757 Pastoria 
Ave, Sunnyvale, CA 94088. 
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Premier Edition Preview— 
Portable computers—in 


late October. 


THE WY-50. 


PRETTY SMALL 


A NEW GENERATION OF LOW-COST TERMINALS FROM WYSE. 


contact 
WYSE 
ae and we'll 
ing your entire work-space. This took FEATURES: send youa 
revolutionary design. Design a lot of * 14" screen é brochure filled with everythin 
people couldn’t accomplish for the price. , 9/332 column you need to know. The WY-50. The full- 
But we did. Petits » 2 featured terminal with the small price. 


In fact, the WY-50 introduces a new stan-  * Soft-set up mode. 2 
dard for low-cost terminals. You get a * High resolution characters. Make the Wyse Decision. 
compact, full-featured design that meets * Low-profile keyboard. 

the most advanced Europeanergonomic * Industry compatible. 


standards. 30% more viewing areathan + Only $695.00. OTe eae poet vee Hee tose, 
: AL JOLS4, 0/F40-DU/9, A FLU-390-L£L01, 
Spies screcus. And a price tag as small For more information on the revolution jn the east, call 516/293-5563, call toll-free, 
y Es ary design, outstanding features and 4 , in CA 800/672-3470, ext. 932, 


The WY-50 sells for only $695.00. unique good looks of the new WY-50, -5011, in So. CA, 213/340-2013. 
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Image recorders copy display photographically 


Fig 1 Palette computer image recorder produces photographic-quality hard copy 
from small computer terminals. Polaroid’s system forms 35-mm color slides from 
color or black-and-white computer graphics displays on personal and small 
business computers. An optional camera back produces 344” x 41%” prints. 


Cameras could displace the printer 
and the plotter as hardcopy output 
devices. Some astute people have 
brought the camera into the I/O pic- 
ture where it serves to transfer the 
CRT display directly to its hardcopy 
image. A simple connection between 
the camera and the display’s video 
output lets users expose the image 
on the spot, producing instant 
prints, or with slide-making appa- 
ratus, instant slides. 

As one might expect, the two 
giant camera manufacturers—Kodak 
(Rochester, NY) and _ Polaroid 
(Cambridge, Mass)—lead the field 
in instant imaging. Other electronic 
companies, however, have also 
developed systems that are either 
based on devices from Polaroid or 
Kodak, or are of a unique design. 
The companies include Celtic Tech- 
nology (Woodland Hills, Calif) and 
Lang Systems, Inc (Menlo Park, 
Calif). 

Whereas high-resolution systems 
like Dicomed’s Dicomedia and Gen- 
eral Electric’s Genigraphics sport 
price tags between $60,000 and 
$400,000, these low-end devices fea- 
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ture good resolution at prices under 
$7000. Polaroid’s Palette computer 
image recorder, for instance, costs 
around $1500. It was designed speci- 
fically for personal and business 
computers to make presentation- 
quality color and black-and-white 
graphics hard copy on Polaroid’s 
35-mm Autoprocess transparency 
films and on Polacolor instant print 
film type 669. 

Palette connects to the computer 
via an RS-170 video line and RS-232-C 
communication line. The compact 
unit measures 16” x 8" x 6" (40.6 cm x 
20.3 cm x 15.2 cm) and weighs only 
12 lb (5.4 k) (Fig 1). It can be used 
with IBM Personal Computers, and 
with Apple 11 Plus and Apple Ie 
computers. Polaroid is also deter- 
mining Palette’s compatibility with 
other computers. 

The unit comprises a flat-faced, 
920- x 700-line resolution mono- 
chrome video screen with a tri-color 
filter wheel. The wheel lets even 
monochrome-display computers with 
graphics capability produce a color 
hardcopy output. An internal com- 
puter matches exposure parameters 


to the film being used, while allowing 
users to control color selection and 
location. 

Palette maintains low cost by 
putting its image manipulation fea- 
tures in software supplied in diskette 
form. Included with the system, 
these features allow users to select 
any of 72 colors for changing or 
adding colors on the film. Users can 
manipulate the system to create a vir- 
tually unlimited number of color sets 
to match or modify a given com- 
puter’s color display. Other features 
include transfering pre-existing 
images from disk to film without 
modification, eliminating raster lines 
using a fill technique, and exposing a 
batch of images through automatic 
sequencing. 


Driver development 

Independent publishers of graphics 
software packages are currently 
developing drivers to provide Pal- 
ette users with additional options 
for hardcopy imaging. These in- 
clude hidden surface removal for 
3-dimensional graphs, and _inter- 
lacing to enhance color saturation 
and improve image resolution. 

Other systems also use Polaroid 
equipment. Lang Systems, Inc 
(Menlo Park, Calif), for example, 
uses its VideoSlide 35 (Fig 2). This 
computer graphics camera system is 
a 24-kHz line rate version for com- 
patibility with high-end work- 
stations. These include the Apple 
Lisa, the NEC Advanced Personal 
Computer, the Vectrix 128 and 384 
display systems, and graphics ter- 
minals such as the Advanced Elec- 
tric Design 767, the Jupiter 7, the 
HMW C3419, and the Hewlett- 
Packard 2627A. The 24-kHz version 
is also adaptable to the Intelligent 
Systems Executive Presentation busi- 
ness graphics system. 

The original VideoSlide 35 is com- 
patible with systems that operate with 
line rates between 15 and 19 kHz. 
These systems include the Apple I, 
IBM’s Personal Computer, Texas 
Instruments’ Professional Computer 
and a wide variety of graphics termi- 
nals such as the IBM 3279, the 
Tektronix 4027 and 4113, and the 
Ramtek 6211 and 6214. Lang claims 

(continued on page 48) 
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Sprague Series ULN-2000 Darlington Arrays still set the industry standard 
for power-interface ICs with improved ratings, hermetic packaging (cer-DIP 
or side-brazed), and processing to MIL-STD-883. Series 
ULN/ULQ/ULS-2000 (and ULN/ULQ/ULS-2800) high- 
voltage, high-current arrays have been driving relays, 
solenoids, stepper motors, LED and incandescent displays since Sprague 
introduced the ICs a decade ago. For Engineering 
Bulletin group 29304, write to Technical Literature Service, Sprague Electric Co., 555 Marshall St., SPRAGUE 
North Adams, Mass. 01247. For application engineering assistance, call Mark Heisig at 617/853-5000. 
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Image recorders 
(continued from page 46) 
that both versions allow users to 
generate 35-mm slides, at a cost of 
less than $0.50 per slide, in as little 
as half an hour, from images off 
these types of terminals. In a com- 
parison, the conventional method of 
generating slides can take as long as 
three weeks from an outside studio 
and can cost up to $30 a slide. 

To operate VideoSlide 35, users 
need only load standard 35-mm film 
into the camera and press a button. 
No additional software is required 
for system operation. The 24-kHz 
version costs $3049, including the 
camera unit and a TTL RGB video 
interface. The 15-kHz model is 
priced from $2799 and uses the same 
interface. 

Celtic Technology’s VFR 2000 uses 
a principle similar to Lang’s and 
costs $2495. All of the above prices 
can be misleading, however; depend- 
ing upon the final computer and 
camera system configuration, a 
system could end up costing nearly 
$5500. 

The VFR 2000 interfaces with most 
computers that operate with the 
Lang system. It also can be used 
with DEC’s Rainbow and Profes- 
sional 350 as well as with Sony’s per- 
sonal computer. An example of the 
slide quality achieved from the VFR 
2000 operating with a Ramtek 6000 
graphics terminal is shown in Fig 3. 


Fig 2 VideoSlide 35 interfaces with 
most graphics workstations, personal 
computers, and graphics terminals. In 
as little as half an hour, 35-mm color 
slides can be generated in-house at a 
cost of less than $0.50 per slide. 
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TRHIERIALS 


6000 SERIES ARCHITECTURE 


OISPLAY 
PROCESSOR 


Fig 3. This slide produced using Celtic Technology’s VFR 2000 with Ramtek’s 6000 
terminal shows the internal configuration of the 6000 terminal. The ability to 
generate slides quickly right off the screen is essential for audiovisual 
presentations in today’s corporate environment. 


The slide depicts the internal config- 
uration of the 6000 terminal. While 
Polaroid, Land, and Celtic Technol- 
ogy use Polaroid’s equipment exclu- 
sively for generating both slides and 
prints, Kodak’s Instagraphic imaging 
system can be outfitted for any 12” 
or 13” screen. The $195 unit mounts 
right on the screen to product thin 
prints; if outfitted with a 35-mm 
camera, it can also generate slides. 
The imaging outfit includes the 
camera with a close-up lens, two 
packages of Kodak’s Instagraphic 
color print film, a filter, and 
brackets for adapting a 35-mm 
camera to the cone. 

To operate, the user must initially 
orient the unit. When proper cone 
alignment specific for each indi- 
vidual display terminal has been 
achieved, the outfit is ready for use. 
The cone with the attached camera 
is placed over the screen while 
holding the lens at the correct dis- 
tance from the screen. This elimi- 
nates any problems with ambient 
light and parallax effect. The close- 
up lens is used to obtain a sharp 
focus and, if necessary, a filter can 


be used to balance the color for the 
screen phosphor in a particular 
terminal. 

The camera uses Kodak’s new 
instant film that is manufactured to 
industrial tolerances. The Insta- 
graphic camera does not require 
focusing or exposure adjustment. 
When the shutter is released, the in- 
stant color print pops out of the 
camera. The picture area part of the 
print can either be left on its backing 
or removed after waiting for an hour. 

Without the backing, the color 
print is as thick as a conventional 
35-mm print, and as easy to trim 
and mount. The company has capi- 
talized on its best asset and devel- 
oped the Instagraphic film to be of 
equal reproduction quality to a 
35-mm print, and just as thin and 
light. Consequently, a stack of fifty 
34%" x 4” prints without backing 
occupies 25% of the space required 
as compared to the space needed 
when backing is left intact. 


—Nicolas Mokhoff, Senior Editor 
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Digital Signal Processing: 
‘Texas Instruments brings it down 
to earth by getting it off the ground. 


@ Ultrahigh speed, precision, econ- @ Easy implementation of high- @ Application design help from TI 
omy of TI’s new TMS320 Pro- throughput, realtime applications, includes a series of intensive semi- 
cessor will spur widespread use of such as speech processing, is nars on digital signal processing 


digital signal processing (Page 2). achieved with TMS320 (Page 3). (Page 4). »> 


One-chip 
16/32-bit 


The processing speed of a bit-slice- 
based computer. In a single, 40-pin 
package. That’s the new TMS320 
Processor from Texas Instruments. 
Making digital signal processing 
(DSP) feasible anywhere, anytime. 
For example, the lineman’s ad- 
vanced testing unit shown here. 
Only a concept now, it could be a 
reality tomorrow. The new TMS320 
would enable the unit to process a 
staggering amount of data. Permit 
portability. Assure reliability. And al- 
low quick programming changes for 
performing a wide variety of analyses 
to diagnose trouble, even up the pole. 


5,000,000 

instructions per second 

This incredible performance is 
achieved through TI’s modified Har- 
vard architecture. It allows the 
TMS320 to fetch one instruction 
while executing another. In a typical 
application, more than 90% of all 
instructions are executed in a 200-ns 


cycle by the TMS32010 version. 


32-bit precision 

While the TMS32010 accepts 16- 

bit inputs and has a 16-bit output, its 
32-bit arithmetic logic unit (ALU) 
and accumulator carries all of the 
arithmetic functions to 32 places. The 
ALU also features a 16-bit x 16-bit 
parallel multiplier that can form a 
32-bit product in 200 ns. 


Large on-chip memory 

Data memory is supplied by 288 bytes 
of random-access memory. 

Enough to hold the data needed to 
perform a 64-point complex fast 
Fourier transform (FFT) while main- 
taining system-linkage variables and 
constants for other functions. 


<4 Low-cost digital signal processor, TI’s 
TMS320 is the inexpensive, single-chip alter- 
native to multichip bit-slice systems and 
custom VLSI devices now used to process sig- 
nals digitally. TMS320 speed and economy 
will open unlimited design opportunities for 
DSP such as the portable telecommunica- 
tions circuit tester shown here conceptually. 


economy. 200-ns cycle. TT’s new 
processor makes DSP practical. 


Highlights from a discussion with Thomas W. 
Parks and G. Sidney Burris, Professors, Depart- 
ment of Electrical Engineering, Rice University. 


Q. In your opinion, why has digital sig- 
nal processing rather suddenly become 
practical and economical? 

A. Well, digital signal processing has 
been possible for some years. We've had 
computers and bit-slice approaches that 
could do the job, but these were cumber- 
some, expensive, and consumed lots of 
power. One major factor accelerating the 
implementation of digital signal pro- 
cessing is the onward thrust of the elec- 
tronic components industry. 

The continued development of VLSI 
devices, by packing more and more cir 
cuitry on chip, has shrunk processor size 
dramatically. Throughput rates and ar- 
chitectures have also been improved 
enormously so that complex algorithms 
can be computed with incredible speed 


Full development support 
In-depth support for the TMS320 
consists of a host-independent devel- 
opment system, as well as software 
that can be run on a variety of host 
computers. An evaluation module, 
macro assembler/linker, simulator, 
and full in-circuit emulation are now 
available. 


Choice of three 

The TMS320M10 microcomputer is 
designed for applications where up to 
3K bytes of program memory are 
mask-programmed into the read-only 
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and reduced power consumption. 

Of course, the development of these 
extremely efficient algorithms has con- 
tributed greatly to wider use. 

Q. What do you consider the most out- 
standing advantages of DSP? 

A. Digital signal processing provides 

the flexibility, precision, and speed re- 
quired to execute increasingly sophisti- 
cated signal processing. 

For example, spectrum analysis is fre- 
quently integral to signal processing, but 
for years there were no efficient, high- 
resolution methods to implement it. 
Now that VLSI digital signal processors 
can speed through the fast Fourier trans- 
form algorithm, such analyses are great- 
ly simplified at a feasible cost. 

Digital processing eliminates most 
voltage, temperature, drift, and noise 
problems associated with analog tech- 
niques. Digital filters can reliably meet 
tough specifications on magnitude and 
phase that would be difficult, or impossi- 
ble, for analog filters to meet. 

Q. What new applications do you see 
for DSP in the near future? 

A. We are seeing digital technology 
applied to signal processing in image, 
seismic, and speech processing as 

wellas in telecommunications, instru- 
mentation, and high-speed control. In 
the near term—-say, five to ten years—it 
is probable that we'll see digital signal 
processors becoming ubiquitous in the 
home, office, and factory. ™ 


memory (ROM), expandable with 
up to eight kilobytes of total program 
memory (5K bytes off chip at full 
speed). 

The TMS32010, a microprocessor 
without on-chip ROM, addresses up 
to 8K bytes of offchip program mem- 
ory at full speed. 

A military version, SMJ32010JDL, 
is available processed to the require- 
ments of MIL-STD-883B. 

There’s much more to learn about 
the TMS320 family. For our brochure, 
return the coupon on the following 
page. @ 


'TMS320 processors 
excel at realtime 
applications. 


Because of their high-speed numeric 
capability, the new TMS320 pro- 
cessors can be used for realtime com- 
putations in many applications: 
Telecommunications. Instrumenta- 
tion. Voice recognition and syn- 
thesis. Image processing. High-speed 
process control. 

The TMS320 family can handle 
all the signal processing for spectrum 
analysis: Autocorrelation, window- 
ing, and FFT —performing a 64- 
complex point FFT in only 580 ps! 

Image enhancement, pattern rec- 
ognition, and data compression are 
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New TMS32010 simplifies 


spectrum analysis 


all possible with TMS320 processors. 
They can extract features, then 
perform a template comparison to 
achieve optical character recognition. 
The efficient TMS320 devices can 
also be used to build high-speed 
modems having rates up to 9600 baud. 


New TMS32010 enhances 


image processing 


With full-speed memory expansion 


capability, the TMS320 DSP 


family can be used in 
U 


many other applications. m 


See back page for more information. 


. peas how to design with DSP. 


At a nearby, two-day TI seminar. 


You can become thoroughly familiar 
with the ground rules of digital signal 
processing. And learn when and 
how to apply TI’s remarkable new 
TMS320 processors. Conveniently 
and economically. 

Two-day DSP/TMS320 seminars 
are being held by TI at selected lo- 
cations around the country (see 
schedule at right). Developed in con- 


Texas Instruments Incorporated P.O. Box 401560 
Dallas, Texas 75240 
C] Please send me more information on TI’s 16/32-bit TMS320 Digital 


Signal Processor. PR&1 


junction with recognized DSP au- 
thorities, the seminars will present 
the basics of DSP theory and cover 
in detail the flexible modified Har- 
vard architecture of the TMS320. A 
full morning will be spent studying 
practical applications of DSP—an in- 
tensive review reinforced by in-depth 
demonstrations. 

In order to gain the most from the 
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seminar, you need to have knowl- 
edge of, or experience with, micro- 
processors and/or programming. 

Included in the $395.00 cost of 
the two-day seminar are all study ma- 
terials—user’s guide, manuals, note- 
book—lunch each day, and a 
reception. A special package includ- 
ing a TMS320 Evaluation Module 
is also available for $995.00. 

Call (713) 879-2001 to enroll in 
the seminar most convenient for 
you, or for more information. 


TEXAS INSTRUMENTS 
Digital Signal Processing Seminars 


October 11-12 DALLAS 
October 18-19 SAN FRANCISCO 
LOS ANGELES 

CHICAGO 


October 25-26 
November 1-2 
November 8-9 WASHINGTON, D.C. 


November 15-16 BOSTON 


TEXAS ty, 
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SYSTEM TECHNOLOGY) (0)(?07E2S 


Computer control store swapped for speed 


Faster application program execu- 
tion results from swapping speed- 
critical portions directly into the 
control store of the Lambda com- 
puter from Lisp Machine, Inc. A 
microcompiler converts already 
assembled Lisp object code into 
microcoded equivalents, thus sim- 
plifying microprogramming tasks. 

The computer’s flexibility also ex- 
tends to its hardware design. A high 
speed bus primarily handles proces- 
sors and memory devices, while 
slower peripherals such as disk 
drives and printers reside on a separ- 
ate Multibus backplane. A system 
diagnostic unit (SDU) supervises 
interbus communications and auto- 
matically monitors the status of in- 
stalled devices. 

In addition to microcoding high 
speed application program sections, 
the microcompiler can be used for 
application-specific instruction sets 
and to secure proprietary software. 
Users can directly address 52K 
words of the 64K-word virtual con- 
trol store memory without regard to 
the control store’s ‘actual size (a 
limitation in previous machines). 
Because 12K words are reserved for 
system programs that remain at all 
times, paging techniques load only 
16 word segments at a time from 
disk into the 16K-word physical 
memory. 

Such microcompilation tech- 
niques more than double per- 
formance speeds as compared to 
conventionally compiled Lisp pro- 


grams, according to the company. 
However, users must first complete 
program flow analysis to determine 
which low level functions are per- 
formance bottlenecks. These bottle- 
necks usually occur because of the 
extensive overhead needed to keep 
object programs at the symbolic 
assembly language level, rather than 
at the more compact machine lan- 
guage level. The microcompiler 
strips off this overhead as setup 
routines from the assembled object 
code and optimizes the remaining 
microprogram. 


Memory addressing scheme 

Virtual control store memory 
complements the memory address- 
ing capability of the Nubus system 
backplane, where the 4-board Lisp 
processor resides. Nubus architec- 


The SDU receives peripheral service requests from processors residing on Nubus. 
The unit schedules the necessary actions on Multibus peripherals, and returns the 
necessary acknowledgments upon completion. 
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ture treats the system backplane as a 
4.3G-byte wide memory pool, 
rather than implementing conven- 
tional Multibus or S100/IEEE 696 bus 
arbitration logic. Each device on the 
backplane has a 32-bit address that 
not only identifies the slot location 
(4 bits) but also selects an address 
within the slot (24 bits). The remain- 
ing 4 bits allow up to 16 Nubus 
machines to be connected into a 
local area network. 

This memory addressing scheme 
eliminates the significant overhead 
associated with bus arbitration. In 
conventional systems, one device 
initiates data transfers, asserts con- 
trol of the bus, and sends a message 
to the intended receiver. The bus is 
then used to initiate the actual data 
transfer, and to have the receiver 
acknowledge the transfer. 

However, the Nubus transfer 
scheme does closely resemble mem- 
ory transfers within a monolithic 
processor, even though many pro- 
cessors may reside on the bus. A 
processor merely specifies the 
2-address memory location of the 
desired data in a packaged request, 
asserts ownership of that memory 
location (even if it is another proces- 
sor’s register) and relinquishes con- 
trol when finished. Bus overhead is 
minimized since data need not be 
copied from one location to 
another, although transfers can 
occur at a rate of 37.5M bytes/s. 
Transfers are further optimized with 
the Lisp processor’s 4K-word cache 
memory. 

Such an addressing scheme also 
eases integration of a Unix copro- 
cessor for use as a multi-user front 
end that packages and sends re- 
quests to the Lisp processor. Run- 
ning concurrently with Lisp, the 
Unix front end communicates on a 
process-to-process basis through a 
defined streams/pipes interfacd. 
Streams and pipes are generalized 
1/O interfaces providing virtual cir- 
cuit capabilities. 

Independently of the Lisp pro- 
cessor, the Unix processor can run 
as a backend processor if users 
maintain existing Pascal, Fortran, 


(continued on page 54) 
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Computer control store 

(continued from page 53) 

or C programs while using Lisp for 
the user interface. Lisp software 
features the Flavors object-oriented 
programming system (see Computer 
Design, June 1983, p 28) that sup- 
ports full windowing. Unix runs on 
a 10-MHz Mc68010 with a 4K word 
cache. The Berkeley Unix enhance- 
ments support demand-paged vir- 
tual memory with 24-bit addressing. 


System diagnostics 

The SDU automatically handles 
configuration and maintenance. 
Rather than configure the Lambda 
computer with DIP switches or 
jumpers, the SDU dynamically senses 
the devices installed on the 21-slot 
backplane (13 for Nubus, five for 
Multibus, and three for either). To 


take advantage of hardware capabil- 
ities, it also simultaneously adjusts 
system operations. Diagnostics are 
run concurrently with regular pro- 
gram execution by the 8088 pro- 
cessor. Moreover, faulty peripherals 
are taken out of service without 
adversely affecting the rest of the 
system. 

The SDU links the 32-bit Nubus 
and Multibus peripherals, including 
disk drives and printers. All requests 
from Nubus processors for periph- 
eral services are routed through the 
SDU. This scheme allows the Lambda 
to benefit from the range of Multi- 
bus peripherals available without 
being limited to the Multibus’s 
slower speed. In addition to the 
8088-based supervisory processor, 


Cutting instruction set builds cpu speed 


Reduced instruction set computer 
(RISC) architectures developed at the 
University of California, Berkeley 
promise more speed and better func- 


tion than the traditional, more com- 
plicated system architectures. A 
commercially available machine 
based on the RISC architecture, 


IDENTICAL 


Procedure A finds its input parameters in a set of CPU registers (A[Input]), uses a 
block of registers for its internal operations (A[Internal]), and passes parameters 
to procedure B via another set of registers (A[Output]). When Procedure B begins 
execution, its input parameter registers (B[Input]) are identical to A[Output]. 
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the SDU contains two RS-232 serial 
I/O ports and a quarter-inch stream- 
ing tape drive controller. 

A $72,500 single-unit Lambda 
computer includes a 256K x 32-bit 
main memory with error correction, 
one 470M-byte storage module drive 
(SMD) type disk drive (the SMD disk 
controller can handle four drives), a 
16 x 16 matrix multiplier, and an 
800- x 1024-pixel black and white 
display with mouse. Delivery is 
quoted at 8 to 12 weeks. A 40-bit 
version with 32-bit floating point 
arithmetic and 21.5G-byte virtual 
address space is expected early next 
year. Lisp Machine, Inc, 3916 S 
Sepulveda Blvd, Culver City, CA 
90230. 

Circle 243 


Pyramid 90x from Pyramid Tech- 
nology is a 32-bit supermini- 
computer whose proprietary CPU 
includes a register-intensive instruc- 
tion set with provisions for passing 
parameters. The 125-ns CPU is 
implemented in TTL on three 
Pc boards and includes 528 
registers, in contrast to the 8 to 32 
registers included in other minicom- 
puter architectures. These registers 
are used to pass parameters from 
one procedure to another, instead of 
going through memory, storing, and 
reloading values. 

In this scheme, a _ procedure 
receives input parameters from one 
or more registers in the CPU, uses the 
next several sequential registers for 
its own internal operations, and 
passes parameters to subsequent 
procedures in one or more higher- 
numbered registers (see Figure). A 
procedure can, if necessary, pass 
values back to its calling procedure 
via the input registers. 

Traditional architectures produce 
a procedure call (a change from exe- 
cuting one procedure to another) by 
storing input and output parameters 
in memory or on a hardware stack. 
While this mechanism does work 

(continued on page 56) 


4 Advanced Computer Communications (ACC). That’s our business. 
ACC designs, manufactures, and markets interface products that focus on 
the growing need for communication between dissimilar computers and 


networks. 
Why we are Since the late 1960's, ACC personnel have been solving computer 
73 communication problems by moving protocol processing off the host CPU 
Advanced and onto high performance front-end processors. Our early involvement 


Computer with the ARPANET (the granddaddy of packet-switched networks) and 


subsequent DOD networks established our strong technical leadership in 


Communications.” networking. Over the last few years, that leadership has continued with our 


4 
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introduction of commercial long haul and local area networking products. 

ACC continues to emphasize the two keys to cost-effective data 
communications: 
¢ freeing the host CPU from communication chores 
* establishing a framework for communication between dissimilar 

computers and distributed resources. 

If you suspect that you’re wasting valuable CPU processing power on 
network communication or have computers that can’t “talk” to each other, 
call ACC. (805) 963-9431. 

We Make Advanced Computers Communicate. 


ACC Advanced Computer 
Communications 
720 Santa Barbara Street 


Santa Barbara, CA 93107 
(805) 963-9431 


ACC is a trademark of Advanced Computer Communications 
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Cutting instruction 

(continued from page 54) 
satisfactorily for simple computers 
with low clock speeds, it presents 
a problem for high performance, 
multi-user systems. 


At clock speeds of 8 MHz or 
more, the system bus acts like a 
transmission line. Line capacitance 
however, can delay signals by a 
small, but significant amount, over 
and above the time needed for the sig- 
nal to travel the length of the line 
(approx 1 ns/foot). Even fast 
(100-ns) memories take a finite time 
to return data when addressed. All 
of these times must be summed to 
find the effective memory speed and 
can total an appreciable fraction of 
a microsecond. 

The RISC register windowing 
scheme avoids these delays, since 
the parameters are not stored in 
memory, and signals travel only a 
few tens of microns onchip. A pro- 
cedure call, which is the most com- 
mon operation in programs written 
in high level languages, thus becomes 
extremely fast. 

In addition to register windowing, 
the Pyramid 90x has virtual 
memory, and thereby simulates 
more memory than is physically pre- 
sent. With its fast instruction cache 
and intelligent 1/O processors, the 
CPU handles only computational 
tasks, not 1/O. The system bus is 
synchronous and has a bandwidth 
of 32M bytes/s. It can accept the 
CPU, one to four memory modules 
(2M bytes max), the 68000-based 
system support processor (handling 
system control and diagnostics), 
multiple I/O processors, and a 
Multibus adapter. 

Unix System v, with Berkeley 
enhancements as well as proprietary 
features, is used as the supermini’s 
operating system. Each Unix pro- 
cess can address a 4G-byte address 
space and is supported by demand 
paging in 2K-byte increments. Sup- 
ported languages are C, Pascal, and 
Fortran 77; Cobol is scheduled for 
availability in 1984. 

Pyramid 90x system prices range 
from under $100,000 to over 
$300,000, depending on configura- 
tion. Pyramid Technology Corp, 
1295 Charleston Rd, Mountain 
View, CA 94043. 

Circle 244 
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VLSI tester has test electronics for every pin 
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SWITCHING MATRIX 
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FORMATTERS 
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ELECTRONICS 


The cumbersome switching matrix of shared resource testers (a) introduces timing 
errors and requires programming at a low hardware level. The tester-part-pin 
architecture (b) allows precise calibration of all timing and can be programmed at 
a high level with user-defined variables and labels. 


Tester-per-pin architecture attacks 
the increasingly complex task of 
testing VLSI device functions. Mega- 
test Corp’s MegaOne VLSI test sys- 
tem dedicates a complete set of 
testing electronics to every pin of the 
device under test. An integral 32-bit 
computer controls all this and 
allows tests to be developed offline 
using high level languages. 

The complexity and speed of VLSI 
circuitry has made the testing of 
VLSI devices primarily a software 
problem. This has come about 
because of the time and effort needed 
to develop comprehensive test pro- 
grams for the wide range of func- 
tions now being used in VLSI. 

Using the ‘‘throwing hardware at 
the software problem’’ approach 
has resulted in a tester-per-pin archi- 


tecture that alleviates many of the 
problems inherent in shared- 
resource tester architectures. Funda- 
mental to the MegaOne scheme is a 
complete set of dedicated test elec- 
tronics for every pin on the device 
under test (DUT). This includes an 
independent timing generator, wave 
formatter, and vector memory. It 
allows independent setting of high 
and low drive levels, high and low 
comparator levels, direct current 
(dc) parametrics, and current loads 
for each pin. 


Simpler test methods for Visi functions 
The tester-per-pin approach brings 
with it many ramifications affecting 
software development. For one 
thing, test engineers no longer need 
(continued on page 59) 
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Investin Time 


Your Customers 
Can't Wait 


Getting your project completed on time is critical. 
Investing in the right software tools puts time on 
your side. 


We write software for a living. We understand the 
importance of time to the professional programmer. 
To complete projects on time you need good soft- 
ware tools. So we create high quality, timesaving 
tools for users of DEC and MC68000-based 
computer systems. 


Pascal-2 Compiler It generates fast, compact code. 
Because the compiler does the optimizing, program- 
mers can spend time on other programming tasks. 
Because Pascal is a structured language, other pro- 
grammers can easily read your programs. Indeed, it’s 
the language most programmers are learning today. 


Additionally, programs written in Pascal-2 are portable. 
Now you can change hardware without having to re- 
write your software. 


Additional TimeSavers The time you save with our 
Pascal-2 compiler is only the beginning. We also pro- 
vide a full line of other TimeSavers. Pascal-2 source- 
level Debugger for true high-level debugging ease. 
SourceTools for control and management of changes 
to source programs. Concurrent Programming Pack- 
age for real-time scheduling and device drivers. 
Profiler for identifying performance bottlenecks in 
programs. 


The Pascal-2 Compiler is now available on UNIX for 
the MC68000 and PDP-11 computer systems. 


TimeSavers from Oregon Software. 
Your customers can’t wait. And neither can you. 


2340 SW Canyon Road 
Portland, Oregon 97201 
(503) 226-7760 

TWX: 910-464-4779 


The Pioneer in Performance Pascal 


DEC and PDP-11 are trademarks of the Digital Equipment Corporation. 
MC68000 is a trademark of Motorola Inc. UNIX is a trademark of Bell Labs. 
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Oregon 
Software 
Distributors 


Arizona 

ASR Arizona 
Scottsdale 

(602) 949-8293 
California 

Microtec Research Inc. 
Sunnyvale 

(408) 733-2919 


MIDCOM Corporation 
Orange 
(714) 998-6041 


Software Supply 
Long Beach 
(213) 434-3723 


Theta Business Systems 
Glendale 

(213) 242-7981 

Illinois 

Processing Concepts, Ltd. 
Chicago 

(312) 883-1444 

Sales Representative: 
Semiconductor Specialist, Inc. 
Chicago 

(312) 279-1000 
Massachusetts 


Computer Software Consultants, Inc. 


Chestnut Hill 
(617) 964-4011 


Educational Software Systems, Inc. 
North Andover 

(617) 683-4699 

New Jersey 

Sales Representative: 

Edison Software Systems 

Edison 

(201) 548-4660 

Oregon 

Interactive Technology, Inc. 
Portland 

(503) 644-0111 

Tennessee 

Custom Computer Applications, Inc. 
Memphis 

(901) 278-0482 

Washington 

Pnambic Systems 

Seattle 

(206) 282-0199 


Secteur Corporation 
Seattle 

(206) 762-3338 
Canada 

Prior Data Sciences Ltd. 
Ottawa, Ontario 

(613) 820-7235 


Sales Representative: 
Kim Williams 

Calgary, Alberta 

(403) 286-0796 
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VLSI tester 

(continued from page 56) 

think of their task in terms of low 
level tester terms (registers, etc), but 
in relation to test functions—ie, 
waveforms and parameters. The 
abundance of test resources means 
engineers no longer have to manage 
limited tester resources and make 
compromises between test complete- 
ness and test length. 

This architecture also does away 
with the internal switching matrix 
used in multiplexing a _ limited 
number of shared resources. It 
eliminates timing errors that occur 
in the complex matrix as the pin 
count goes up. As a result, the test 
engineer/programmer no _ longer 
need be concerned with deskewing 
the timing to compensate for the 
different lengths of signal paths 
caused by the switching matrix. 

In fact, the master clock is the 
only high speed signal that need to 
be distributed throughout the sys- 
tem. It is bussed in parallel and used 
as the reference by the dedicated 
timing generators. Each pin has a 
timing generator that produces three 
edges per vector. Positioning resolu- 
tion per pin is 100 ps while overall 
system resolution is 700 ps. 

The high speed controller pro- 
duces a 40-MHz master clock signal. 
By pairing waveform generators on 
a pin-by-pin basis, however, the 
controller can achieve an 80-MHz 
operation when needed. The con- 
troller is transparent to users but has 
a 3M-byte onboard control store to 
take care of parallel parametric 
tests, timing and level searches, and 
routine autocalibration. 

An autocalibration circuit stan- 
dardizes all timings at all possible 
edge positions. The ‘‘autocal’’ uses 
time domain reflectometry to null 
fixturing delays. Routine autocali- 
bration of a DUT interface board 
change takes 30 s to perform; full 
system calibration from a cold start 
requires 5 min. 

Other advantages gained by 
tester-per-pin architecture are 
higher bandwidth and accuracy. 
Since signal paths are dedicated 
instead of switched, the system can 
precalibrate every possible timing 
per pin rather than relying on 


deskewing only the average error for 
a given signal path. Systems are also 
easier to repair and upgrade; pin 
count can be increased modularly, 
thereby making conceivable systems 
exceeding 512 pins. 

Besides the high speed controller 
shared by the system as a whole, cer- 
tain other resources are available for 
each test head. One of these is the 
Parametric Measurement Unit (PMU). 
The PMU provides accurate moni- 
toring of force voltages, and current 
and temperature. It also supplies in- 
formation for autocalibration and 
the DUT power supplies. 

Since the overall design philos- 
ophy of the MegaOne is to provide a 
sufficiently rich hardware environ- 
ment for solving testing problems 
with high level software, a 32-bit 
68010-based computer has been inte- 
grated into the system. The com- 
puter not only controls the per-pin 
testers for up to three DUTs at once, 
it also provides program develop- 
ment environments via the Unix 
operating system. This results in a 
great deal of test program develop- 
ment that takes place offline. Up to 
16 terminals can be used without 
degrading system throughput while 
at the same time running up to three 
test heads in production testing. For 
final device characterization and 
debug, the programmer would use 
one of the three test heads; up until 
that time, however, all three could 
be used for production work. 


Hardware and software combined 
Megatest provides a_ standard 
Pascal compiler (Berkeley Pascal 
2.0) and a Vector Programming Lan- 
guage (VPL) for writing the test 
patterns. VPL is a block-structured 
language with all instructions 
expressed in device data sheet 
nomenclature. For debugging, the 
system provides multiple window 
screens to simultaneously examine 
program values, timing, and source 
code, etc. Changes can be made 
interactively in a program using the 
system that mixes compiled and 
interpretive code. Thus, there is no 
need to recompile the program to 
(continued on page 60) 
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VLSI tester 
(continued from page 59) 
test small changes. All such interac- 
tions take place at the Pascal source 
code level using the programmer’s 
own variable names and labels. No 
reference to actual tester hardware 
is necessary. 

Usually, the greater part of a test 
program can be written using the 
computer-aided program generation 


DATA COMMOMCATIONS 


tools by answering a series of ques- 
tions about the DUT. This process 
outputs a standard Pascal test pro- 
gram. VPL can translate almost any 
arbitrary test pattern into the system 
format. In addition, the system pro- 
vides on line documentation to 
check command syntax and defini- 
tions. The documentation can be 


called up in screen windows and 
consulted next to the program code 
or other information in question. 
MegaOne is initially priced at $1 
million. Megatest Corp, 3940 Free- 
dom Circle, Santa Clara, CA 95050. 
—Tom Williams 
West Coast Managing Editor 
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Networking hardware and software connect unlike systems 


Terminals, mini and mainframe 
computer ports, personal com- 
puters, printers, and modems con- 
nect to Ethernet through the NTS10 
terminal server. With additional 
software packages, personal com- 
puter users can access a wide variety 
of data processing resources avail- 
able on the network. This not only 
allows information sharing among 
personal computers and the main- 
frame data base, but also resolves 
long-standing distributed environ- 
ment problems. 

The NTS10 interfaces any asyn- 
chronous EIA RS-232-C serial I/O 
device to the Ethernet/IEEE 802.3 
local area network. Interlan’s unit 
provides a virtual circuit communi- 
cation service that interconnects 
equipment. Although the virtual cir- 
cuits appear as direct physical con- 
nections between devices, protocol 
procedures in the NTS10 electron- 
ically create and terminate them. 

In addition, the protocols resolve 
device incompatibilities (eg, a 
1200-baud terminal can be con- 
nected to a 9600-baud computer 
port). The NTS10 contains either 
four or eight ports. Large clusters of 
devices can be attached to the net- 
work by daisy chaining up to four 
units (32 ports) to share a common 
transceiver connection to the 
Ethernet. The Ethernet terminal 
server offers several advantages 
including port switching, port con- 
tention resolution, resource sharing, 
personal computer networking, and 
simplified wiring for dispersed ter- 
minals and printers. 
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With its supporting software, the NTS10 solves the information sharing problem 
between personal computers and the corporate data base. It also eliminates the 
distributed environment problem of terminal access to several host computers and 
a variety of peripherals. 


By issuing a CALL command, any 
computer on the network can be ac- 
cessed. If computer ports are busy, 
the NTS10 searches for an open port 
or waits for the first available port. 
In addition, because the virtual cir- 
cuits overcome device incompatibil- 
ities, users can share resources such 
as modems, printers, plotters, and 
statistical multiplexers. 

For installations with personal 
computers, the NTS10 interconnects 
personal computers from different 
vendors, or connects them to the 
host computer or other devices. The 
associated networking software per- 
mits easy file transfer and RS-232 
device access. 

Networking software for 12 differ- 
ent personal computers is available in 
two separate functional packages: 


poly-TRM for terminal emulation, 
and poly-XFR for file transfer. Poly- 
TRM effectively converts a personal 
computer into a terminal. Once a 
connection is made from the per- 
sonal computer to the target device 
through the NTS10, the personal 
computer appears to the user as a 
terminal directly connected to the 
device. 

Moreover, the software package 
can transmit and receive ASCII text 
files without any special software 
running at the other end of the vir- 
tual connection. Poly-xFR provides 
transfer of binary and ASCII files 
over Ethernet. With this package, 
user commands establish an NTS10 
virtual circuit to the host, perform 
log on, invoke execution of the host 

(continued on page 62) 


AS PERSONAL AS A PC, 
AS POWERFUL AS A VAX: 


The ultimate UNIX’ machine. 

Not just a computer, but a problem-solving tool. 

Single- and multi-user. With ful/ Bell Labs 
UNIX. Six languages. A high-performance 68000 
processor. Multibus' for expansion. 

Plus Tektronix-compatible graphics. 
Ethernet’ capability. And up to two megabytes of 
no-wait-state memory, up to 21 megabytes of 
reliable hard disk. All in a compact, low-cost 
desktop workstation. The Callan Unistar. 

Unistar applications stretch from software 
development to medical electronics to engineer- 
ing, industrial and business applications. And 
the Unistar has been benchmarked as faster than 
the VAX-11/730. 


Yet it is priced like the more personal 
computer that it is. 

If you're a software developer, an OEM, or 
an end-user who wants to maximize your perfor- 
mance at the minimum cost and risk, ask about 
the Unistar family. The shortest distance between 
problem and solution. 

For more information or the name of your 
nearest distributor, call: Callan Data Systems, 
“Ss 2645 Townsgate Road, Westlake 
es Village, CA 91361. Telephone 
800-235-7055 (In California, 
805-497-6837). TWX 910 336 1685. 


tTrademarks: Callan, UNISTAR/Callan Data Systems. UNIX/Bell Labs. 
VAX/Digital Equipment Corp. Multibus/intel. Ethernet/Xerox Corp 


THE SHORTEST DISTANCE BETWEEN 
PROBLEM AND SOLUTION: 
CALLAN UNISTAR. 


CIRCLE 35 


SYSTEM TECHNOLOGY) (00) @OWNARTIANS 


Networking hardware/software 
(continued from page 60) 
computer’s poly-XFR software, and 
initiate the file transfer program. 
The terminal server and software 
provide network management, 
which establishes the control neces- 
sary for network integrity. For 


example, the NTS10 divides users 


Fvevining you need to stimulate 

your career is at the Equipment 
Group of Texas Instruments in Dallas. Our 
continued innovation in every realm of the 
government electronics business is creating 
new career opportunities for qualified 
technical professionals every day. 


Now is your chance to work with a leader 
in such state-of-the-art technology as radar, 
missile guidance, electro-optic systems, and 
communications, navigation and intelli- 
gence systems. 


Take a look at all the products we've 
developed — from the forward-looking 
infrared thermal imaging system to the 
Navstar global positioning system — and 
you'll see that leading edge technology is 
our forte, and the reason we're an inter- 
national leader in the military electronics 
industry. 

Take a look at some of the openings we 
have available — from senior-level profes- 
sional positions to those requiring only 2 
years of experience (all positions require 
U.S. Citizenship): 


SOFTWARE ENGINEERING 


Positions require a BSCS or BSEE and a 

minimum of 2 years’ experience. 

¢ Real-time TF/TA software, Pascal, C, 
ADA, Jovial and assembly language. 

¢ Advanced Signal Processing. 

¢ Parametric definition, time/memory 
tradeoffs and real-time codes. 

¢ VAX running VMS, procedure 
development, test systems and real- 
time communications software. 


Copyright © 1983 Texas Instruments Incorporated 
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Leading Edge Technology 
Diverse Products 
Choice Assignments 


TEXAS 
INSTRUMENTS 


Creating useful products 
and services for you. 


into two classes: ordinary users, and 
network managers who are respon- 
sible for configuring the network 
and limiting connection access. Net- 
work managers can also designate 
permanent virtual circuits and run 
system diagnostics. 


* Design coding and test of real-time 
imbedded guidance systems. 

¢ Configuration management. 

¢ Array processors and other target 
microengines. 

¢ Systems programming including 
hardware description languages, 
resistor transfer languages and other 
CAD tools. 

* Development of VHSIC hardware 
descriptor language. 


You'll like working at Texas 

Instruments. And you'll like living in 
Dallas, where recreational and cultural 
activities abound. Sailing, waterskiing, 
shopping. Museums and theatre. Major 
league sports. You'll find everything right 
here in Dallas. Everything, that is, except 
city and state income taxes — we have 
one of the lowest costs of living of any 
metropolitan area in the nation. 


Find out more about the career oppor- 
tunities in store for you at TI. U.S. citizen- 
ship is a firm requirement. Call us today 
or send your resume, in 

confidence, to: 


Ed Haynes/ Texas Instruments 
P.O. Box 226015, M.S. 3186 
Dallas, Texas 75266 


800/527-3574 (In Texas, call 
Collect 214/995-1291.) 


An equal opportunity 
employer M/F. 


Sten @ 


Principles only, please. 
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Each device can be assigned two 
different logical names, and multi- 
ple devices can have the same logical 
name. Programmable passwords 
protect against unauthorized con- 
nections or reconfigurations. Soft- 
ware is resident in RAM, which is 
downline loaded from another 
device. However, each NTS10 stores 
its own configuration parameters in 
electrically alterable ROM. This elim- 
inates the need for a central file sys- 
tem. Interlan, Inc, 3 Lyberty Way, 
Westford, MA 01886. 

—John Bond, Senior Editor 
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Controller plugs into 
different networks 


Plug-in communication adapters on 
the Easyway network controller 
from Able Computer simplify the 
task of supporting different net- 
working schemes on a DEC PDP-11 or 
VAX computer. While the host inter- 
face remains constant, the electrical 
interface needed to support Ether- 
net can be easily changed to that re- 
quired for token passing, X.25 
packet switching, or IBM SNA type 
communications. 

This approach isolates the host 
computer from dependencies im- 
posed at the physical and link layers 
of the International Standards 
Organization/Open Systems Inter- 
connect (ISO/OSI) network model 
(layers 1 and 2). Software intensive 
functions, such as message routing 
and data checking, are also off- 
loaded from the host to the con- 
troller, since Easyway handles the 
network and transport layers (layers 
3 and 4). 

As a result, the host computer 
does not see the significant data 
arbitration involved in transferring 
information across networks. Users 
need only provide source and desti- 
nation addresses. All that is visible 
to VAX/VMS or RSX-11M/S operating 
systems are a series of DMA transfers 
across Unibus, between the host and 
the network controller via dual 


ported memory (64K words x 22 bits 
with error correction). A common 
software driver, Connect, coordi- 
nates communications for different 
applications and passes data for- 
mats transparently to the Easyway 
controller. The combined controller 
and software driver provides pro- 
tocol independence. 

On the network controller, pro- 
tocol independence is achieved using 
the standard IEEE 802 handshaking 
scheme between host and communi- 
cation adapters. Regardless of the 
electrical interface used to commu- 
nicate with other networks, data are 
passed between the host and com- 
munication adapter in the same 
manner. Users supply connection to 
the external world through a trans- 
ceiver that connects to Ethernet or 
other networks. 

Both the communication and host 
adapters occupy a single hex-width 
board on any DD11 Unibus back- 
plane configured for DMA _ oper- 
ation. A transceiver interface cable 
is also supplied with the Ethernet 
version to connect the user-supplied 
transceiver. 

Initial Easyway controllers are 
priced at $5000 with delivery 30 days 
ARO. The Connect software driver is 
available 60 days ARO for $1000. 
Able Computer, 1732 Reynolds 
Ave, Irvine, CA 92714. 
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It pays to communicate 
You can further your career 
by writing technical articles 


about the advanced work 


you’re doing. Also, we pay 
an honorarium for all 


manuscripts that we 
publish. For a free copy of 
our Author’s Guide, circle 
503 on the Reader Inquiry 
Card. 


Loral Instrumentation’s 
ACT 1Tgives you a real-time 
window into your Rolm 1602B, 
1664, and 1666 series of 
computers (AN/UYK 19). 


There's an easy way to save 
time, talent, and money in 
perfecting embedded computer 
systems. Put a Loral Instru- 
mentation ACT 1® on the job. 

Compact, portable, and fully 
programmed in English based 
commands, this single 
instrument takes the place of 
many individual pieces of 
special purpose test equipment 
and the costly diagnostic 
software to run them. 

The ACT 1 is the first and only standard instrument designed specifically to 
test and manipulate embedded computer programs in real-time. For example, 
using the CRT display and full ASCII keyboard, you can identify where and 
when malfunctions occur and dynamically alter the programs without 
interrupting operations. 

The ACT 1 is currently being used by Rolm customers for their computers. 
ACT 1 personality modules are also available for the Texas Instruments 2520 
computer. If quantity warrants, Loral Instrumentation can design a custom 
personality card for your computer or you can do it yourself with our help. 

From debugging computer systems to MIL-STD-1553A/B data processing, 
our clients rely on products from Loral Instrumentation. And our on-going field 
support gives them even more reason for their confidence. Such services as 
our toll free 800 service hotline and advanced turn-around on hardware 
modules keep our instruments up and running and avoid costly downtime. 

Contact Loral Instrumentation to find out more about how you toc can save 
your time, talent, and money with the ACT 1. 


LOR 
INSTRUMENTATION 


ARY OF LMGHRRAML, CORPORATION 


3888 Calle Fortunada, Suite A 
San Diego, California 92123 
(619) 560-6260 Telex 695222 
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Witness first-hand 
the end of the iron age. 


If you think iron oxide is state-of-the- 
art in 54” disk drives, you're about to 
feel a little behind the times. 

Today, forward-thinking OEM's are 
demanding disk drives with thin-film 
media. And for good reason. 

It's more rugged than iron oxide. 
Allows greater capacity. Reduces the 
error rate. And if you buy from Evotek, 
you can get 514” drives with thin-film 
media for about the same cost as iron 
oxide drives. Or even less. 

With an Evotek drive, 
you re assured of the highest 
quality media for the simple 
reason that we make it our- * 
selves. Which also means 
you can count on a continual 
supply of Evotek drives. 
Today, and tomorrow. 


But thin-film media isn’t the only 
reason to buy Evotek drives. With capac- 
ities up to 51.68 MB, they have such 
advanced features as high-torque pre- 
cision motors. Superior brake force. Six- 
bearing linear actuator with a 49 ms 
average access time. Even an on-board 
microprocessor. 

And best of all, we're shipping in 
volume now. That's right, now. 

Write Evotek at 1220 Page Avenue, 

Fremont, California, 

94538. Or call Barry 
Dyckman at 800/255-2500. 

(From California, call 

415/490-3100.) 

S\ Hell tell you more about 

the evolutionary technology 
an OEM needs to stay ahead 
of the times. 


BEVATEK 


The natural evolution of 514’disk drives. 


See us at Comdex H-7347 


Mis 
ries, 
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Piggybacked operating systems add flexibility 


HARDWARE 


(a) 


HARDWARE 


(b) 


Standard microcomputer operating 
systems interface with computer 
hardware directly through an assembly 
language BIOS (a). Datalex has 
substituted a special routine in the Pc- 
DOS bubble to interface the p-System 
to the normal pc-Dos (b), thereby 
providing both the p-System and Pc- 
DOS the same functions. 


System programming, at least on 
microcomputers, is no longer a 
mysterious art. Running one oper- 
ating system from within another 
(piggybacking) offers the freedom 
to manipulate files of either. Data- 
lex’s PC-DOS Bubble software oper- 
ates the UCSD p-System from within 
an IBM PC-DOS environment to make 
languages running under both 
systems available. Under the Bubble, 
both p-System and Pc-DoOs files and 
disks can be read or written, PC-DOS 
primitives can be invoked from the 
p-System, and/or a mix of programs 
can be run without rebooting or leav- 
ing PC-DOS. 
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Operating systems usually have 
exclusive control of the machines 
that they run on and manage the 
available physical resources. The 
application programmer can then 
concentrate on program logic and 
functions, without having to delin- 
eate control of I/O ports or place- 
ment of drive heads to find a file. 


Providing a link 

Traditionally, operating systems 
are written in assembly language for 
a particular hardware configura- 
tion, then tediously recoded for 
transportation to other machines 
when necessary. In the absence of 
common standards for disk for- 
mats, directories, or function calls, 
developers have produced wildly 
incompatible ways of doing essen- 
tially the same thing. A common 
thread among microcomputer oper- 
ating systems, in contrast to those 
for mainframes and minicomputers, 
exists in the creation of a Basic 1/0 
System (BIOS). This set of machine- 
specific assembly language routines 
is called from the main body of the 
operating system to handle 1/0 
details [Figure (a)]. 

Splitting machine-dependent 
parts of the operating system from 
the more general parts allows both 


CP/M and the UCSD p-System to be | 


transported to machines made by 
different manufacturers. With 
p-System, the use of assembly lan- 
guage interpreters to execute the 
pseudocode (p-code) produced by 
the systems’ Pascal, Fortran, and 
Basic compilers allows it to be trans- 
ported to a range of architectures, 
from MOS Technology’s 6502 to 
DEC’s PDP-11. Neither BIOS routines 
nor interpreters, however, address 
file system or disk format incom- 
patibilities. 

If all operating systems were 
equal, providing the same functions 
and programs, file transfer utilities 
would be the answer. Different 
operating systems, however, and the 
different languages they offer, 
attract very different type of users. 
Programs for PC-DOS tend to be 

(continued on page 68) 


What is “The Alps Advantage”, and wh\ 
is it important to you, our customers? 

Essentially, The Alps Advantage 
encompasses a whole series of custorr 
benefits, brought together to help give 
a competitive edge in your marketplac 
Welcome fiji. 

engineers, it me 
To The a vast array of electr 
mechanical compont 
Al S and system products — 
p particularly noteworthy 
Advantage (7: 
g innovative 
technology, state-of-the-art performanc 
high degree of miniaturization, built-in 
quality and long-life reliability. It also 
means a never-ending flow of new 
product introductions and helpful 
application engineering assistance fro: 
our Technical Product Managers. 

For purchasing and production 
people, The Alps Advantage takes on 
other meanings — competitive pricing, 
automated manufacturing facilities an 
on-time deliveries. Equally important, 
it means a special kind of philosophy 
based on a spirit of teamwork and 
cooperative customer relations. 

The Alps Advantage is everything 
you need to improve your products anc 
enhance your competitive position — 
and everything you'd expect from a 
world-class supplier. Since its founding 
in 1948, Alps Electric Co., Ltd. has 
experienced steady, stable growth — to 
a level of world-wide sales now up to 
$1-billion per year! 

We look forward to the opportunity 
of putting The Alps Advantage to work 
for you — to get started, please contact 
the Alps Sales Rep nearest you: 


AL Huntsville (Jack Harvey & Assocs.) ... (205) 536-4: 

Fid,|  PRMOMIUE EARN aerate sche vines: conn ws (602) 266-21 
CA Santa Clara (Nova-Tronix,Inc.)....... (408) 727-95 
CA Woodland Hills (Relcom,|nc.)........ (213)340-91 
CO Englewood (Nelligan Co.)........... (303) 761-21 
GA _ Norcross (Jack Harvey & Assocs.) .... (404) 449-46 
IL Arlington Heights (Micro Sales, Inc.).. (312)956-10 
IN Indianapolis (Jack Harvey & Assocs.).. (317)872-10 
IN Kokomo (Jack Harvey & Assocs.)... . . (317) 453-42 
KS__ Kansas City (BC Electronic Sales, Inc.). (913)342-12 
KS Wichita (BC Electronic Sales,Inc.).... (316)942-9% 
MD Timonium (Allen Assocs.) .......... (301) 252-41 
MA Waltham (Technology Sales, Inc.).... . (617) 647-57 


MI Oak Park (A.Blumenberg Assocs.,Inc.) (313) 968-32 
MN Minneapolis (PS.l.) ........... .. (612)944-85 
MO St. Louis (BC Electronic Sales, Inc.) ... (314)291-11 
NJ Boonton (PAF Assocs.) ............. (201) 335-06 
NY Smithtown (PAF Assocs.)........... (516) 360-09 
NY Albany (Reagan/Compar)........... (518) 489-47 
NY Endwell (Reagan/Compar).......... (607) 723-87 
NY Fairport (Reagan/Compar) ......... (716) 271-22 
NY New Hartford (Reagan/Compar)..... (315) 732-34 =< 
NC Raleigh (Tingen Technical Sales, Inc.) . (919) 781-11 
OH Rocky River (Norman Case Assocs.) .. (216)333-04 
OK Tulsa(Norcom,Inc.) ..............+ (918) 832-77. 
PA Willow Grove (Harry Nash Assocs.) ... (215)657-22 
TN Johnson City (Jack Harvey & Assocs.). (615)928-75: 
TX Dallas (Norcom,inc.)............... (214) 386-48 


TX Austin (Norcom,inc.).............. (512) 451-27. 
TX Houston (Norcom, inc.) ....... .. (713)933-60; 
VA Lynchburg (Burgin-Kreh Assocs., (804) 239-26: 
WA Bellevue (Venture Electronics) . . (206) 454-47, 


CANADA: St. Laurent (Vitel Electronics) .. (514)331-73! 
CANADA: Mississauga (Vitel Electronics) . (416)676-97 
CANADA: Kanata (Vitel Electronics)... .. (613) 592-00: 


,000,000,000 switches is more 
an just a whole lot of switches! 
’s arecord of customer acceptance 
at has made us the world’s leading 
anufacturer of electro-mechanical 
itches. We've been making them 
nce 1948, with a very special kind 
skill and commitment, dedicated 
bD producing the most innovative, 
ighest quality switches possible. 
addition to making a far greater 
umber of switches than any other 
lompany, we also make more types 
f switches, divided into 8 basic 
ategories: push, slide, lever, rotary, 
ower, flex, communication and 


digital switches....a staggering 
product line that includes thousands 
of different styles, models and 
variations. 


Series SGK digital DIP switches. 
Very small DIP switches, with some 
very big Alps Advantages: exclusive 
twin-split contact design with super- 
smooth wiping action; 2-position 
circuit with a choice of 2, 3, 4, 5, 6, 7, 
8 or 10-poles; ultrasonic sealing to 
eliminate flux penetration and silver 
migration problems; removable 
tape seal or protective cover to allow 
washing; ultra-low-profile, only 
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The Alps Advantage in switches: 


4.9mm height; all in the perfect 
package for automatic insertion 
machines! 


Total application versatility. |f your 
application needs a switch, you can 
count on the Alps Advantage to meet 
your need — just write or call today. 


ALPS ELECTRIC (USA), INC. 


100 N. Centre Ave., Rockville Centre, NY 11570 
Phone 516-766-3636 - TWX 510-221-6747 


One-billion switches per year, including 
24 new models of ultra-low-profile 
DIP switches designed for automatic insertion. 


a 
Ps 
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When the FCC says 
control your interference 


use Spectrum's shielded-filtered connector” 
at 45 cents per line from stock. 


Spectrum Control's low cost 
filtered and shielded D submin- 
iature connectors are effective 
ways to make your computers 
comply with the FCC's Electro- 
magnetic Interference (EMI) 
regulations.** 

Spectrum Control's new fil- 
tered and shielded D Sub- 
miniature connectors provide 
maximum versatility and com- 
patibility while eliminating any 
EMI problems. And they're far 
less expensive than you might 
think 

Spectrum connectors feature 
a complete range of perfor- 
mance options, and theyre 
totally adaptable for easy retro- 
fitting. The design is based on 
automation technology of.prov- 


en reliability and performance, 
and features programmable 
filter positions for unlimited 
versatility 

Spectrum Control itself, of- 
fers you a full range of electro- 
magnetic compatibility services 
and products for both. custom 
and standard applications. For 
more information call, or write 
for Engineering Bulletin 
27-0027-53.. Write Spectrum 
Control, Inc., 2185 W. Eighth 
Street, Erie, PA 16505. Or call 
814/455-0966, TWX 510/699- 
6871. Spectrum's filtered con- 
nectors could be the low cost 
solution you're looking for 
*Patent Pending 


rt 15 Sub Part J VDE and M 
461 A/B 


de. 


SPECTRUM CONTROL INC. 
Since 1968... making technology compatible with technology. 
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Piggybacked operating systems 
(continued from page 66) 

written in Basic or assembly lan- 
guage, while p-System programs are 
almost exclusively in the more struc- 
tured Pascal. 


Tying it together 

The combined p-System/PC-DOS 
Bubble conveniently and directly 
ties the power and portability of the 
p-System to the extensive PC-DOS 
software packages and to industry 
common devices such as hard disks 
and communication cards. The 
Bubble is started by selecting an 
executable file named PSYSTEM 
from the PC-DOS command prompt. 
The p-System interpreter is then 
loaded into memory, files and val- 
ues are configured, and the normal 
p-System prompt line is displayed. 
The Bubble can be terminated from 
the p-System command level with 
the HALT command, or a PC-DOS 
function call can be generated via an 
included utility. 

A set of assembly language rou- 
tines that access the PC-DOS BIOS 
replace the normal p-System BIOS 
(Figure (b)). In addition to remap- 
ping the BIOS, changes have also 
been made in the p-System file 


| manipulation utility to display both 
the PC-DOs files and a RAMDISK util- 


ity. This utility allows unused 
memory in the IBM PC to mimic a 
very fast (but volatile) disk drive. 
Datalex distributes the Bubble 
directly through OEMs and provides 


| it to software distributors so that 


their p-System software can run 


| transparently on the IBM PC. Devel- 


opment is also in progress on a ver- 
sion of the Bubble for CP/M-86 and 


| MS-DOS. 


When included with a complete 
p-System, the Bubble is available 
for $850 from PCD Systems, 163 


| Main St, PO Box 143, Penn Yan, 


NY 14527. As a separate product 
(without the p-System) it is $200. 
The OEM price for inclusion in 


| single-user systems ranges down- 


ward from $24. The Datalex Com- 
pany, 650 Fifth St, San Francisco, 


| CA 94107. 


—Sam Bassett, Field Editor 
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RACAL-DANA SERIES 200 »pP ANALYZERS 


uP SOFTWARE 
DEBUGGING? 


’ ees 
\ : \ 


Get !P Speed, Pattern Generation 
and a FREE Disassembler. 


Now, a low priced analyzer is available with the timing, disassembly and (Please Reserve my FREE Disassembler =| 
analysis power you need to debug 8- and 16-bit microprocessor-based designs. | 
Choose from either 32- or 48-channel models, and analyze all your data, address 
’ and control lines simultaneously. And, with Model 202 or 205, you can simulate 
your hardware target with 16 channels of pattern generation. 


| 
| 
Customers tell us that the interactive menus and many other accommodating | 
features make these the world’s easiest to use analyzers. You'll also appreciate | 
the advanced triggering that allows you to capture only the data of interest, and 
the data manipulation/interrogation features that surpass those found only on | | 
» high priced analyzers. Best of all, the Series 200 cost 25 to 50% less than 
comparable systems. And, if you act fast, the 8-bit microprocessor personality | | 
module/disassembler of your choice is absolutely FREE with a new order for any Pe 
Series 200 model. (Choose from Z80, 8080, 8085, 6800, 6802, 6809, 6502 and NSC800; | © 6502 5 6800/02/09 | 
| 
| | 
| 
| 
| 
| 
| 


includes pods, cables, uP adapter(s) and disassembler EPROM.) 5 8080/85 lcs 3 NSC800 


Order attached. 
CALL COLLECT (714) 859-2506 or return this coupon to reserve your FREE disas- O Order in process (Reserve my 
sembler. Or, for more information, write or call RACAL-DANA Instruments Inc.., 5 disassembler.) 
4 Goodyear Street, P.0. Box C-19541, Irvine, California 92714; (714) 859-8999. A Teepe)” (Reserve my 


TWX: 910-595-1136. TLX: 67-8341 0X Send info on 16-bit chip support. 


In the United Kingdom, telephone: Windsor (07535) 69811; In France, 


| 
(3) 955 8888; In Germany, 06102 2861/2; In Italy, (2) 6459558/6468189. | sla 
Company 
Address 
» RACAL-DANA ry city State 
RACAL ME ia 
This offer valid only in the U.S.A. through 12/31/83 (or through 3/31/84 if coupon is returned by 12/31/83). Le Segre a Ree Fae” at 


See us at Wescon, Booth #838, #840, #842. CIRCLE 40 


Motorola’s virtual memory 16 
mainframe capabilities for 


it MC68010 provides 
our microcomputer systems. 


iw you can design powerful 
frame capabilities into your 

t microcomputers with the 

of Motorola's M68000 Family 
»processors. 

ie MC68010 fully supports 

ul memory/virtual machine/ 

ul I/O techniques in micro- 

ssor based systems. This allows 
‘em to operate as if it has many 
the amount of physical memory 
ually has, and makes it tolerant 
Its. 

\ults on any bus cycle can 

snd any instruction and begin a 
olled correction. The MC68010 
1't try to predict faults; it responds 
2m intelligently. No segmented 
tecture offers these features. 

ie MC68010 tolerates failures 
‘mory cards to make proper 
fers, cleanly, regardless of cause. 
nandles faults caused by 
ware failure and the software 
ction faults that a memory 
ager finds. 

C68010 systems don't care 
her faults are due to protection 
tion, non-existent memory, 

it failure, bad RAM ora 
hdog timer. Even memory errors 
1g important operating system 
-dures are tolerated routinely. 
ae MC68010 provides capabilities 
once were confined to mainframe 
ninicomputer systems, and 
ids the leadership characteristics 
h have made the MC68000 so 
Jar in new designs. 


‘cations programmers should 

the MC68010. 

pplications programmers don't 
to code around, or even know 

t memory management. That's 

lled by the operating system. 

y memory management 

niques can be implemented, 

ding demand paging, to make 

yank-switching schemes of 

iented architectures obsolete. 

nd, don't forget the MC68010 

s you the same 16 megabyte 

wv memory space as the MC68000. 

or systems designed with error 

ation and correction (EDAC), 

viC68010 helps you improve 

lesign of systems with 

er memories. 

nhanced instruction timing 

its in execution of MC68000 

-uctions up to 50% faster by the 

18010, at the same clock speed. 

C68010 runs all MC68000 user 

dentically, so your existing 

2m is upgraded simply by placing 

VMC68010 in the MC68000 socket. 


M68000 Family: 32-bit architecture 


makes it the only 8/16/32-bit 
migration path. 

From the time the MC68000 was 
introduced it claimed the leader's 
mantle. One of the most significant 
reasons is its 32-bit architecture. It’s 
not an 8-bit architecture stretched to 
16, but 32 bits confined to a 16-bit 
bus. It’s now also available in 8-bit 
form as the MC68008. That's a 32-bit 
architecture on an 8-bit bus. Full 
32-bit power will soon be unleashed 
in the MC68020. From the MC68000 
and MC68010, in both directions to 
the MC68008 and the MC68020, the 
M68000 family becomes the very 
definition of code compatibility . . . 
the only migration path along 
the 8/16/32-bit route. 


Advanced tools assist fast, accurate 
system development. 

Advanced MC68010 support is 
provided by the EXORmacs™ system, 
the first 8-/16-/32-bit multiuser 
development system, and by the new 


VME/10™ single-user work station, 
illustrated at left. 


B Name 


An MC68010 Macro Assembler 
that runs on both EXORmacs and 
VME/10 is augmented by the 
user-friendly HDS-400 
Hardware/Software Development 
Station, which provides real-time 
emulation. 

When you need a variety of logic 
analysis and system performance 
histogram features, the Bus State 
Analyzer adapts to the MC68010 


through a unique personality module. 


Basic and C will soon be offered 
with existing Pascal and Fortran 
compliers, and symbolic debug is 
available. A broad and rapidly 
expanding base of development and 
applications software also is available 


from independent, third-party vendors. 


M68000 family peripherals, 
memories, discretes, linear and 
logic meet your broad system needs. 

M68000 MPUs are supported by a 
growing family of Motorola-developed 
peripherals. Contributions from our 
worldwide major second sources are 
adding even greater breadth and 
depth to the family. 

Motorola memories from ROMs 
and PROMs to Static RAMs and 
state-of-the-art dynamic RAMs are 
available in chip, board or box form. 
And, Motorola is one of the few 
suppliers dedicated to bubbles. 

Our discrete products are 
legendary for breadth of line and 
quality. Every significant logic form 
is available, and the Motorola linear 
line is among the world’s leaders. 

For direct M68000 Family 
assistance, call your local Motorola 
office or distributor. For information 
on the MC68010, send to Motorola 
Semiconductor Products Inc., 

P.O. Box 20912, Phoenix AZ 85036. 


ee ee ee ee eee ce ee ee oe 
TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix,AZ 85036. 
146CD100083 


i Please send me more information on 16-bit MPUs. 


Ei Title 


a Address 


§ Call me: ( 
Company. 


State ZIP. 


City. 


MOTOROLA INC. 


In RMX:86, Zendex Defeats 
“The Giant’. Again! 


PE, = Bt 
Ref 2in onbrsaom 4s 


‘And wins the battles of ISIS-II, 
CP/M-86, and multi-user systems, too! 


I. battle of the Multibus Giants goes on! 
And Zendex (you may call us “The Little Giant”) 
continues to win. For you. 


A complete RMX-86 


Development Environment. 


There are three ways to develop RMX-86 
application software for MULTIBUS target systems. 

Two of them have problems.The third is Zendex. 

Zendex makes it easy to develop software for 
RMX-86 board level applications. 

And just as easy to get this software into firmware 
for the target system. 

In today’s technology, the two best-known RMX 
development systems make very little sense. 

You can go on using the Intel Microcomputer 
Development System Approach, with MDX, Series II, 
III or IV. 

Or the Intel SYS 86/380 and SYS 86/330 OEM 
Microcomputer System Approach. 

You may enjoy buying extra equipment, developing 
additional software, spending up to four times the 
money (especially for single-user systems when your 
project has several engineers ). 

You may not mind debugging problems, PROM 
programming limitations. 

Or maybe you just like doing things the same 
old way. 

Much better, buy an RMX-86 system and complete 
software development environment from Zendex. 

Here's how you'll benefit: 


1. More Hardware Features at Lower Cost: 


Zendex | Zendex Intel Intel 

95/86A | 95/86W | 86/330 | 86/380 
Open card slots Pen ee Te a 

gibt eS ote 
Open drive slots 1 [ 1 0 1 
RAM 512KB 512KB 384KB 
Floppy 1MB 500 KB 1MB 
Winchester 42MB | _10MB 35MB 
L Clock/calendar | _ Yes No No No 

Prices $18,045 | $14,245 | $23,500 | $30,500 


an Soft-Scope, a high level source debugger for 
RMX-86 compatible PL/M-86, PASCAL-86, 
FORTRAN-86 and Mark Williams ‘C? It’s the 
best debugger we've seen for any operating 
system. Featuring: 


1) High-level breakpoints; 
2) High-level single step; 
3) Remote debugging with 
second terminal; 
4) High level trace; 
5) Machine disassembly 
and 8087 floating 
point support** 


3. PROM Programming Utilities. Let you 
program inexpensively with Zendex single-board 
PROM programmers.** 


How Zendex Beats 
“The Giant” in ISIS-II. 


If you use ISIS-II, you’ll want our Model 835. Fully 
ISIS and ICE compatible, and only $8,545. (“The 
Giant’s” MDX-225AFD costs $17,500.) 

And Zendex offers: 

More expansion slots. 

A choice of chassis, modular or integrated, rack- 
mount or tabletop. 

Removable cartridge disk drives fully ISIS- 
compatible, for thousands less than an MDX-750 
subsystem. 

And it works with your choice of terminals. 


How Zendex Beats 
“The Giant” in CP/M-86. 


When you don't need the real-time power of 
RMX-86, we offer a CP/M-86/MULTIBUS SYSTEM. 
“The Giant” doesn’t have it. 

ZENDEX CP/M-86 SAVES YOU MONEY. With 
128K RAM and 2MB floppy as a minimum configura- 
tion, it is ready to go. Less than half the price of 
“The Giant’s” 16-bit MULTIBUS systems. 

ZENDEX CP/M-86 IS HIGHLY CONFIGURABLE. 
Available as integrated system chassis or modular 
chassis. Rack-mount or tabletop. 128 KB, 256 KB or 
512 KB RAM. Parity or ECC. 10 MB, 20 MB, or 40 MB 
Winchester options. 

Compatible with Zendex PROM Programmers, 
MULTIBUS display and MULTIBUS tracer. 


Zendex even beats 
“The Giant’ in the Series-Ill. 


To expand your Series-II] development capability, 
use the Zendex Universal Development Interface 
System utility. With 8-inch floppies, compatible with 
the MDX-286 in single density, it lets you add a new 
development workstation for under $10,000. 


ZENDEX Multi-User Systems: 


Coming soon: UNIX Compatible COHERENT and 
MP/M-86. 

Send for our free catalog featuring more than 
50 MULTIBUS boards and systems. 


*A trademark of Zendex Corporation. 
Zendex is a registered trademark of Zendex Corporation 
Multibus, PL/M, ISIS and RMX are trademarks of Intel Corporation 
CP/M and MP/ Mare trademarks of Digital Research, Inc. 
SoftScope is a trademark of Concurrent Sciences, Inc 
Coherent is a trademark of Mark Williams, Inc 
Zendex prices are quoted, payment with order. Intel end-user 
prices quoted as published. 
**Priced separately. 
UNIX is a trademark of Bell Laboratories. 


The other giant in the Multibus Market. * 
6644 Sierra Lane, Dublin, CA 94568, Phone: (415) 828-3000. 
TWX: 910 389 4009. Outside California call (800) 227-2634 Ext. 922. Zendex products are available worldwide. 
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Photo courtesy of 


San Francisco Convention and Visitors’ Bureau 


" Mini/Micro \/ast 


Moscone Convention Center 
Brooks Hall and Civic Auditorium 
San Francisco, California 
November 8 to 11, 1983 


Electronics Show and Computer Conference 


D/A 


Reflecting the rapid growth and expansion 
within the electronics industry, Wescon/83 will 
present the largest, most comprehensive show 
in its 32-year history. More than 900 electronics 
firms are scheduled as exhibitors, and over 
75,000 professionals are expected to fill the 
convention halls. 

Wescon is listed as the nation’s largest high 
tech electronics show, and adding to its 
attraction this fall will be the concurrent 
Mini/Micro West-83 convention. As the West 
Coast’s only major computer conference and 
technical symposium geared directly to OEMs, 
Mini/Micro West is expected to filter out at least 
30,000 attendees from the Wescon show. 

Wescon has 35 Professional Program 
sessions (see p 75) along with four short 
courses. The tutorial, ‘‘Robotics—Research in 
Business Opportunities” (Nov 8, 9 am to 3:30 
pm) will cover current and future robot 
applications, and how companies can prepare to 
implement industrial robotics. ‘The Manager’s 
Perception of Reliability’’ (Nov 8, 9 am to 3:30 
pm) will review reliability through a breakdown 
of its functional components, such as 
contractual requirements, quality assurance, 
design review, and parts control/degradation. 
The course will stress managerial aspects of 
understanding and controlling these functions to 
maximize cost effectiveness. 

Communication techniques will be taught 
during ‘Strategies for Technical Report Writing” 
(Nov 11, 9 am to 4 pm). Initiating writing as a 
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planned endeavor for clearer and more quickly 
completed reports will be discussed through 
audience analysis, modular format, inductive 
outline, the communication triad, and executive 
summary. Finally, “Technical Entrepreneurship: 
Starting a High Tech Company” (Nov 11, 9 am to 
5 pm) will be of interest to both individuals and 
companies looking to diversify. The course will 
assess the personal characteristics of 
successful entrepreneurs, the balance between 
product/service and the marketplace, cash flow 
management, and the critical first two years of a 
business. 

Mini/Micro’s Professional Program (see p 80) 
likewise addresses the need of OEMs to keep 
abreast of the latest innovations in their fields. 
Pertinent discourses will encompass new micro 
architectures and solid state software, number 
crunching and graphics, 16/32-bit 
microprocessors, high level language, personal 
computers, and videotex and workstation 
designs. Keeping OEMs up to date will be the 
goal set by nearly 100 top clinicians who will 
lead the sessions of Mini/Micro West-83. Topics 
will include areas such as local area networks 
and upper level Iso protocols, peripheral 
requirements of advanced microprocessors, 
system architectures, and software. 


For registration information, contact Kent Keller, 
Electronic Conventions, Inc, 8110 Airport Blvd, 
Los Angeles, CA 90045. Tel: 213/772-2965; 
800/421-6816 (outside Calif) 


Photo courtesy of 


San Francisco Convention and Visitors’ Bureau 


Professional Program Excerpts* 


Session 1: Integrating CAE Workstations into 


the Total Design Environment 
Tues 9 to 11 am 


Chair: G. H. Langeler, Mentor Graphics Corp 
1/1 “Tying cae Workstations into Existing In-house 
Design Tools—The Tradeoffs” 


1/2 “The Impact of cAE Workstations on the Next 
Generation capicam Systems” 


1/3 “The Value and the Limits of cae” 
1/4 “It’s Time for Computer Integrated Engineering” 
1/5 “Engineering Workstation for visi Design” 


Session 2: Developments In Visi Disk 
Controllers 
Tues 9 to 11 am 


Chair: A. Goldberger, Excel Microelectronics 
2/1 “acs 5000 scsi (SAS!) Disk Controller Chip Set” 


2/2 ‘Building a sasa Disk Controller with the ncr visi 
Chip Set” 


2/3 “An Intelligent Hard and Floppy Disk Controller 
for the mesooo Family” 


2/4 “tsi Controller for 5%” Winchester Disk Drives” 


Session 4: Can Systems, Pc Board, and Ic 


Design Engineers All Use 
Engineering Workstations? 
Tues 12:30 to 2:30 pm 


Chair: D. Laughlin, cae Systems, Inc 
4/1 “Defining the Problem and the Solution” 


4/2 “Integrating ic Design into a Systems 
Environment” 


“Professional Program sessions are subject to last-minute 
changes. 


4/3 
4/4 
4/5 


“pc Board caD Requirements” 
“Designing ics with an Ews”’ 
“Logic Simulation on an Ews” 


Session 5: New VLSI Solutions for 
Winchester Disk Control 
Tues 12:30 to 2:30 pm 


Chair: M. Herman, Standard Microsystems Corp 
5/1 “A new visi Hard/Floppy Disk Controller” 


5/2 ‘An tsi Solution to the Hard Disk Controller: 
uPD7261” 


5/3 “‘Ls! Control for smp Drives” 
5/4 “A High Performance Disk Data Controller” 


Session 8: Low Cost Networks and Their 
Impact on System Architecture 
Tues 3:30 to 5:30 pm 


Chair: R. Dahlberg, Intel Corp 

8/1 “Realizing Serial Backplanes: Tradeoffs between 
Centralized and Distributed Network Control” 

8/2 ‘A Low Cost Peripheral Interface for the 
Workstation Environment” 


8/3 “Low Cost Multiple Access Networks Realized by 
a High Performance Microcontroller” 


8/4 “High Performance Microcontroller Provides 
Local Intelligence and Manages Interface to a Fast 
Serial Network” 


Session 9: Electromagnetic Interference and 
Government Regulations — 
How to Cope 

Tues 3:30 to 5:30 pm 


Chair: J. J. Reilly, Electro-Kinetic Systems, Inc 

9/1 “Foc Regulation Update” 

9/2 “Designing Business Machines for Optimal emc 
Capability” 

9/3 “emi Shielding Techniques for Plastic Packages” 

9/4 “The ascs of Good Design for rfi Shielding’’ 


Session 11: Recent Applications in Voice 


Technology 
Wed 9 to 11 am 


Chair: J. Johnson, Votan 

11/1. “Human Engineered Robot for the Home’”’ 

11/2 “Interactive Application Programming without a 
Keyboard” 

11/3 “Integrating a Voice System with Your Phone 
and LAN” 


11/4 “Incorporating Voice in the Microcomputer 
Environment” 


(continued on page 76) 
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Session 12: LSi Modem Integration 
Wed 9 to 11 am 


Chair: S. J. Durham, Cermetek Microelectronics, Inc 


12/1 “Get Top Performance with Single-Chip p2cmos 


Modems” 
12/2 “Intelligent 2124-Type Modem Integration” 
12/3 “cmos Lsi Modem Technology Enhances the 
Role of the Digital pBx”’ 
12/4 ‘1200-bps Modem Application” 
12/5 “High Speed Short Haul Single-Chip Modems” 


Session 13: New CAD Tools for 
Programmable Logic 

Wed 12:30 to 2:30 pm 

Chair: V. J. Coli, Monolithic Memories, Inc 

13/1 “A cabD Environment for Logic Design’”’ 

13/2 “Testing Algorithms for Lsi PALS” 

13/3 “A Programmable Logic cap Station” 

13/4 “Second-Generation PAL Programmers” 

13/5 “A Universal Approach to Programming and 


Functional Testing of Programmable Logic Devices”’ 


Session 14: Applications of Machine Vision 
in Electronics 
Wed 12:30 to 2:30 pm 


Chair: J. E. Trombly, Octek, Inc 

14/1 “Machine Vision Technology Primer” 

14/2 “Automated Visual Inspection of Keyboards” 

14/3. “A Pattern Recognition System for Automated 
Wafer Alignment” 

14/4 “Managing Complexity in Vision Based 
Systems” 


Session 15: VLS!i Simplifies Customer 
Access to the ISDN 
Wed 12:30 to 2:30 pm 


Chair: C. Stevens, Intel Corp 

15/1 “Advanced Generation Integrated sLic” 

15/2 “Partitioning Digital Telecommunications 
Systems for Implementation in Silicon” 

15/3 “The Impact of cmos Ls! on Voice and Data 
Networks” 

15/4 “Advanced Telecom Products Support”’ 


Session 16: New Tools for Designing with 
Programmable Logic 
Wed 3:30 to 5:30 pm 
Chair: S. Walters, Valley Data Sciences 
16/1. “Computer Based Functional Test Grading of 
Programmable Logic” 


16/2 ‘A Universal Approach to the Programmable 
Logic. Revolution”’ 
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16/3 “Programmable Logic Workstation for 
Programmable Logic Devices”’ 


16/4 “Test Vector Generation for Programmable 
Logic Devices” 


16/5 “System Advantages of Programmable Logic” 


Session 17: Controlling Static Electricity 
Damage to Microprocessors 
Wed 3:30 to 5:30 pm 


Chair: G. A. Mellevold, Eldon Industries, Inc 

17/1 “Preventing Static Electricity Damage in 
Assembly and Repair” . 

17/2 “Preventing Static Electricity Damage in 
Handling, Shipping, and Storage” 

17/3 “Military Requirements for Controlling Static 
Electricity Damage to Microprocessors” 

17/4 “An Overview of the Static Electricity Problems 
and Solutions” 


Session 18: Alternative Approaches to 
Digital Signal Processing 
Wed 3:30 to 5:30 pm 


Chair: T. Dintersmith, Analog Devices, Inc 

18/1 “psp Building Blocks Allow Resource 
Optimization” 

18/2 “Building a Digital Signal Processing System 
around cmos Parts” 

18/3. “A Single-Chip Approach to Digital Signal 
Processing” 

18/4 “Floating Point—The Second Generation for 
Digital Signal Processing” 


Session 19: User Oriented Tools for Custom 
VLSI/LSI Design 
Thurs 9 to 11 am 


Chair: D. E. Farina, Dumont Alphatron, Inc 
19/1 “How to visi for Systems Designers” 


19/2 “Gate Array Design Approach—A Variety of 
Logical Structures” 


19/3 “The Evolution of Cell Libraries as User Tools” 
19/4 “Integrated cap System for Custom ic Design” 


19/5 “Standard Cells and a Successful Design 
Strategy—Cause and Effect” 


Session 20: LAN Silicon and Systems 
Thurs 9 to 11 am 


Chair: V. Coleman, Advanced Micro Devices, Inc 


20/1 ‘Complete Implementation of Ethernet/icEe 802-3 
in visi” 


20/2 ‘State Machine Implementation of Ethernet for 
the s-100 Bus” 


20/3 “Node Processor Architecture for Ethernet” 


20/4 “Efficient Token Passing through Silicon”’ 
(continued on page 78) 


All this 


SUCCESS 


and we havent 
changed a bit. 


Try to imagine a real-time 
operating system flexible 
enough to handle hundreds 
of different applications. 
Without any modification. 
Our VRTX® microprocessor 
operating system can do just that. Over 200 diverse 
applications, from navigating aircraft to controlling 


disks, to playing video games, have been successfully 


implemented around VRTX. All without tweaking a 
single bit of VRTX code. 

A good thing, too. 

Because Our VRTX operating system is delivered in 
4K bytes of ROM. Which naturally makes tweaking a 
little impractical. 

But it does make VRTX the most bug-free operating 
system you'll ever use. And the easiest one you'll 
ever install. 

In fact, we wouldn’t be surprised if you saved six 
to 12 months of development time using VRTX. 


Peed 


But protecting our 
100,000 hours of debug 
ging and testing really led 
us to seal VRTX in silicon. And 
prevent even accidental modifica 
tions from introducing new bugs. So now 
we know, no matter how successful we get, 
we'll never get spoiled. 

For a free VRTX evaluation package (including 
timings for system calls and interrupts) contact us 
with the details of your application, including the 
microprocessors you're using: Z8000, Z80, MCO8000 
or 8086 family. Write Hunter & Ready, Inc., 445 
Sherman Avenue, Palo Alto, California 94306. 

Or call (415) 326-2950. 


Operating systems in silicon. 
© 1983 Hunter & Ready, Inc. 
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Session 22: The Emerging Role of 
Semicustom Ls!: A Long Term 
Perspective 

Thurs 12:30 to 2:30 pm 

Chair: A. Rappaport, Eon magazine 

22/1 ‘Determining Semicustom ic User’s Needs” 


22/2 ‘‘Customer/Vendor Roles in the Custom Circuit 
World: Benefits and Pitfalls” 


22/3 “Trends in cmos Gate Arrays” 


22/4 “Semicustom Alternatives for System Design 
and Manufacturing” 


22/5 “Directions in Semicustom Evolution” 


Session 23: VLSI Logic to Support High 
Speed Bit Streams in LANs and 
Winchesters 

Thurs 12:30 to 2:30 pm 


Chair: S. Rajpal, Monolithic Memories, Inc 

23/1 ‘“‘Serializing FiFos and Burst Error Processor 
Team up to Enhance Serial Data Reliability” 

23/2 “Ethernet Type Systems” 

23/3 “Impact of Protocols on visi Implementation for 
Disks and LANs” 

23/4 “cmos Manchester Code Converter for Ethernet 

23/5 “Lsi/v_si Encapsulation Considerations of Token 
Passing LANS” 


Session 25: Functional Cells Define New 
“Standard” Products 
Thurs 3:30 to 5:30 pm 


Chair: H. L. Supp, American Microsystems Inc 

25/1 Session Overview 

25/2 ‘Hierarchical Cell Approach Speeds Design of 
Customizable Video Display Controller’ 

25/3 ‘‘m6s05 Family Offers Multifunction Capabilities” 

25/4 “Cellular Methodology Speeds LAN Chip Design 
Networks” 

25/5 ‘Macro Architectures Simplify Standard Product 
Designs” 

25/6 ‘‘Semicustom Designs Broaden Microcomputer 
Family by Utilizing Modular Design Techniques” 


Session 26: Serial Bus Structures for 
Microcomputers—Small Area 
Networks 

Thurs 3:30 to 5:30 pm 


Chair: C. Kaplinsky, Signetics Corp 


26/1 ‘“‘An Introduction to Small Area Networks” 
26/2 ‘‘Microwire—The Power of Simplicity” 
26/3 “The D?B—A Digital Data Bus for Small Area 


Networks” 
26/4 “Using the 8051’s 9-bit Serial Mode” 


26/5 ‘The 12C Bus—An Interconnect Structure for 
Integrated Circuits” 
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Session 27: Advances in Precision 
Converters 


Fri 9 to 11 am 


Chair: J. M. Bryant, Analog Devices, Inc 

27/1 “The Evolution of Converter Characteristics, 
Applications, and Testing” 

27/2 ‘New Designs and Processes for High 
Resolution Dacs” 

27/3 “Very High Speed Precision Converters” 

27/4 “The Design of 12-bit Data Conversion 
Systems”’ 

27/5 “Precision 16-Bit DAC Puts All Components on 
One Chip” 

27/6 “A Monolithic 4¥2-Digit Integrating ADC” 


Session 28: Nonvolatile RAMs and EEPROMS 
for New Applications 

Fri9 to 11 am 

Chair: W. E. Tchon, Xicor, Inc 

28/1 ‘“‘Intelligent EEPROM Adds New Dimensions to 
Nonvolatile Memory Applications” 

28/2 ‘Design Considerations for Nonvolatile 
Memories” 


28/3 “Applications Using E2 Technology” 
28/4 “User Features in New EEPROM Designs” 
28/5 “‘NOVRAMS and EEPROMS with User Oriented 


Features” 


Session 29: Advanced In-Circuit Emulator 
Design 
Fri9 to 11am 


Chair: C. Ching, National Semiconductor Corp 
29/1 “Solutions to the Ns16000 Family Microprocessor 
Emulation Design Challenges” 


29/2 ‘Debugging in a Software Intensive 
Environment” 


29/3 ‘‘Approaches for Truly Transparent Emulation” 
29/4 ‘‘A Comprehensive Processor Support Strategy” 
29/5 “Advanced In-Circuit Emulator Design”’ 


Session 31: Design Considerations for 
80s Instrumentation 
Fri 12:30 to 2:30 pm 


Chair: J. Taggart, Tektronix, Inc 

31/1 ‘Field Measurements ... Past, Present, and 
Future” 

31/2 “Integrating Intelligence into Instrumentation to 
Enhance Capability” 


31/3 “Instrumentation Networks with Distributed 
Control” 
31/4 “Components for Instruments That Employ 


Digital Signal Processing Technologies”’ 
31/5 “Applying New Technologies to Meet 
Instrument Users’ Needs” 
(continued on page 80) 
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Session 32: Tools for 16-Bit Software 
Development 
Fri 12:30 to 2:30 pm 


Chair: R. E. Hoffman, First Systems Corp 

32/1 “Software Tools to Match Growing 
Microprocessor Sophistication” 

32/2 ‘High Level Language Productivity Using the 
LANDS Too! Box’”’ 

32/3 ‘Advanced System/Software Development Tools 
Using Unix Systems V” 

32/4 “Cross-Compiling, Cross-Assembling, and Now 
Cross-Debugging”’ 


Session 33: Small Digital Gate Arrays 

Fri 3:30 to 5:30 pm 

Chair: S. R. Allen, Master Logic Corp 

33/1 ‘‘Mini-Arrays for cmos Standard Products” 

33/2 “Interactive Design of Small Gate Arrays— 
A Progress Report”’ 

33/3 ‘A cmos Gate Array Family: A Perspective on 
Some Real Applications” 

33/4 “Silicon Breadboards—A Stepping Stone to 
Custom Ls!” 

33/5 “Semiautomatic and Automatic Layout Tools for 
User Defined ics” 

33/6 ‘Future Directions in User Defined ics” 


A 


4 ; 
Mini/Micro 2s 


Session 34: Alterable Microcomputers Usher 
in a Dynamic New Era 
Fri 3:30 to 5:30 pm 


Chair: B. Huston, Motorola, Inc 

34/1 “Single-Chip Microcomputer with EEPROM Allows 
Flexible System Design” 

34/2 “Innovative Microcomputers with a High Level 
of Integration Allow a Wide Range of Applications 
in Functional Space” 

34/3 “A New Single-Chip Microcomputer Offers 
Design Flexibility for High End Applications” 


34/4 “Will There Be Rom Based Microcontrollers in 
1985?” 
34/5 ‘EPROM Based Microcomputers Open Up New 


Applications” 


Session 35: Changes in Tools for the 
Microprocessor Software 
Engineer 

Fri 3:30 to 5:30 pm 


Chair: R. Drohan, Gould Design & Test Systems 

35/1 “High Level Language Product Design for 
Microprocessors” 

35/2 “Evaluating Software Performance in 
Microprocessor Design” 


35/3 “Software Tools for Embedded Systems” 
35/4 “Hardware Based Tools for High Level 
Language Debug”’ O 


Professional Program* 


Session 1: LAN Silicon and Systems 

Tues 9 to 11 am 

Chair: V. Coleman, Advanced Micro 
Devices, Inc 

1/1. “Complete Implementation of Ethernet/iEEE 802-3 
in visi’ 

1/2 “State Machine Implementation of Ethernet for 
the s-100 Bus” 

1/3 “Node Processor Architecture for Ethernet” 

1/4 “Efficient Token Passing through Silicon” 


*Professional Program sessions are subject to last- 
minute changes. 
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Session 2: 16/32-Bit Microprocessor 
Architectures 

Tues 9 to 11 am 

Chair: M. A. Davidson, Motorola, Inc 

2/1 ‘The 16000 Microprocessor Family”’ 

2/2 “The iApx 286 Architecture” 


Session 3: Upper Level Protocols for Local 
Area Networks 
Tues 12:30 to 2:30 pm 


Chair: M. Hall, Sytek, Inc 
3/1 “Real World Implementation of Upper Level 
Protocols” 
(continued on page 82) 


When other keyboard 
companies are running around 
asking their people to show 
pictures and make promises 
about their Low Profile 
Programs, remember that one 
company is prototyping, 


building, and shipping, custom 
low profile keyboards and 
enclosures, faster than any other. 
Guess who? 

If you want products and 
performance, not pictures and 
promises, call us. 


General Instrument Corporation 
P.O, Box 758 

Post Falls, ID 83854 
208/773-4541 
Telex: 32-6448 


RA 
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(continued from page 80) 


3/2 “Experiences Providing Support for xns 
Protocols”’ 

3/3 “iso's Open System Integration Upper Level 
Protocols on a Broadband Local Area Network”’ 


7/3 “Survey of Commercially Available Packaged 
Control Panel Equipment”’ 

7/4 “Handheld Set Communicator for the Engine 
Test Set on the m1-Tank”’ 


Session 4: Advanced Peripherals for 
16/32-Bit Microprocessors 


Tues 12:30 to 2:30 pm 


Chair: J. Browne, Motorola, Inc 

4/1 “High Performance Peripherals for the m6so00 
Family” 

4/2 ‘The 16000 Peripheral Family” 

4/3 “Intelligent Controllers for the 68000 Family” 


4/4 “High Performance Intelligent Disk Controllers” 


4/5 “Advanced Systems Elements in the Amgs516 
Universal pMA Controller” 


Session 5: Protecting Codes in 
Private/Security-Sensitive 
Applications 

Tues 3:30 to 5:30 pm 


Chair: A. Toth, Intel Corp 

5/1 ‘Need for Software Security from a User’s 
Point of View” 

5/2 “Keeping Software from Being Copied—A New 
Silicon Method” 

5/3 “Secure EPROMS—A Micro Controller 
Offering of Proprietary Software Protection” 


5/4 “eeEROM Adaptive Security for Single-Chip 
Microcomputers” 


Session 6: Contrasting Memory 
Management Philosophies in 
16/32-Bit Microprocessors 

Tues 3:30 to 5:30 pm 


Chair: R. Mateosian, National Semiconductor Corp 
6/1 “The Virtual 68010” 
6/2 “Demand Paged Virtual Memory with the zsoo3 


6/3 ‘Memory Management Implementation on the 
iAPX 286” 
6/4 “Elegant Memory Management: ns16000” 


Session 7: Flexible Terminals Used As 
Packaged Control Panels for 
Service, Setup, and Control 
Wed 9 to 11 am 


Chair: W. E. Fletcher, Termiflex Corp 


7/1 “Service of Rotating Memories Using a 
Handheld Terminal” 


7/2 ‘New York Stock Exchange Experiences with 
Online Interactive Floor Control” 
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Session 8: System Implementation 
Languages—Present and Future 
Directions 

Wed 9 to 11 am 


Chair: L. R. Carter, Motorola, Inc 

8/1 “Pascal Enhancements: Past and Future” 

8/2 ‘A Pragmatic Approach to Compiler 
Construction” 

8/3 “Trends in Test Programming” 

8/4 “Augmentation Language: An Extension to 
Other Languages” 

8/5 “sist: A User’s Experience”’ 


Session 9: Chip/System Implementation 
Considerations for 
Videotex/Teletext Terminals 

Wed 12:30 to 2:30 pm 


Chair: O. P. Agrawal, Synertek, Inc 
9/1 “NAPLPS Videotex Terminals” 


9/2 “Implementation Considerations for NAPLPS 
Videotex”’ 


9/3 “NaABTS Teletext for the Consumer Market” 


9/4 “Lsi/vLsi Encapsulation Considerations 
for Videotex/Teletext” 


Session 10: Microcomputer and the C 
Language, Development Path of 
the Future 

Wed 12:30 to 2:30 pm 


Chair: J. Handy, Intel Corp 

10/1 “Source Level Debugging Technology for the C 
Language”’ 

10/2 ‘A User Friendly C Compiler Designed for 
Programmers” 

10/3 ‘‘A User’s Perspective of the C Programming 
Language” 

10/4 “A C Compiler for the iapx-86 Family 
Architectures” 

10/5 “C Programming on a Workstation”’ 


Session 11: Architectural Requirements for 
an Engineering Workstation 
Wed 3:30 to 5:30 pm 


Chair: D. Laughlin, cae Systems, Inc 
11/1 “Hardware and Software Requirements for an 
EEWS” 
(continued on page 84) 


IT’S ABSOLUTELY, 
POSITIVELY, UNEQUIVOCALLY, 
AND WITHOUT A DOUBT 
EXACTLY LIKE RLOI-O2/RXO2. 


SINGLE DUAL-WIDE Q-BUS* 
COMPATIBLE BOARD REPLACES 
3 DEC CARDS 


FULLY TRANSPARENT 
_ RLOI-02 & RX02 EMULATION 
7 ELIMINATES SOFTWARE PATCHES 


CONFIGURABLE FOR 
5¥s" WINCHESTER DRIVES 
& 54s" or 8" FLOPPY DRIVES 


DRIVE CONFIGURATION PROM 
PROVIDES MAXIMUM FLEXIBILITY 
OF DRIVE MANUFACTURER CHOICE 


AUTOMATIC 
ON-BOARD BOOTSTRAP 


ONLY 5 TIMES BETTER. 


Meet the AED WINC-05™ dual- the most flexibility at a lower cost. 
wide Q-Bus controller. All from a field-proven product going 
It’s absolutely transparent to your into its second year of shipments. 
DEC system, so your software never The AED WINC-05. The 1 board 
has to know the difference. with 5 ways to better the competition. 
It positively replaces the 3 standard For prices and ordering information, 
DEC controller cards, freeing up call or write our distributor, PIONEER, 
4 backplane slots. at 9100 Gaither Road, Gaithersburg, 
It unequivocally adapts to the MD 20760; (301) 921-0660. 


specifications of most popular disk 


pois a ag simple change of a AED WINC-05 


And without a doubt, gives you 440 Potrero Avenue, Sunnyvale, CA 94086 (408) 733-3555 


WINC-05 is a trademark of Advanced Electronics Design. Inc. RLOI-02, RX02 & Q-BUS are registered trademarks of Digital Equipment Corporation 
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(continued from page 82) 


11/2 ‘Professional Workstations” 
11/3 “Workstations for OEMS” 
11/4 “A Workstation for visi” 


Session 12: Experience with Modula-2 
Wed 3:30 to 5:30 pm 


Chair: A. W. Brown, Volition Systems 


12/1 “A Novice Programmer’s View of Modula-2” 
12/2 ‘Experiences with Modula-2 on Apple 1” 
12/3 ‘Modular and Object Oriented Design in 


Modula-2” 


12/4 ‘The Module Library—Providing Modula-2 
Program Portability across Operating Systems” 


Session 13: Advances in Microprocessors 
Thurs 9 to 11 am 


Chair: F. Krupecki, Signetics Corp 


13/1 ‘The 8x305 Microcontroller: A Special 
Processor of Intelligent Control Systems” 


13/2 ‘High Performance Microprogrammed 


Controller Architecture” 


MINIMIZE 
MAGNETIC LEAKAGE 
IN. YOUR DESI 


L-40 Hinge Type 
Flapper Solenoid 
Fully Enclosed To = 
Shield Magnetic Leaks 
Duty: Continuous 
Voltage: 12 VDC 
Coil Resistance: 

43 ohms+ 10% 
Return Spring: 1 oz. min. 
Insulation: Class B 
Leads: 24 AWG Stranded 
Breakdown Voltage: 

700 V RMS, 60 HZ 
Dimensions: .780 X.780 X.750 
Stroke: Adjustable 


L-30 Push 
Type Solenoid 

Low Cost Unit When 

Purchased In Volume 

Duty: Continuous 

Voltage: 24 VDC 

Coil Resistance: 

190 ohms+ 10% 

Return Spring: 1 oz. min. 
Insulations: Class A, 

Standard 105 C 
Leads: 24 AWG Stranded 
Breakdown Voltage: 

1000 V RMS, 60 HZ 
Dimensions: .750 X.750 X.780 
Pull Force: 
Two Unique Solenoid Designs at 
Available Only From Liberty 
Controls. Write or Call Today 
For Free Catalog. 


.020 .050 100 
oz. force 8,5 3 1 


LIBERTY CONTROLS, INC. 500 Brookforest Avenue 


Shorewood, IL 60435 815/725-2241 
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13/3 “Using the Alterable Microcomputer Ultra High 
Performance Low Cost Graphics Terminal” 

13/4. “A New High Performance Microprocessor with 
zs0 Software Compatibility” 

13/5 ‘The 32032: An Ultra High Performance 
Microprocessor” 


Session 14: Real World Number Crunching 
Thurs 9 to 11 am 


Chair: C. Hastings, Monolithic Memories, Inc 

14/1 “High Performance Digital Music Synthesis” 

14/2 ‘16 x 16 Flow through Multipliers Improve the 
Performance and Economics of Long Word Length 
Multiplication” 

14/3 “A Practical Architecture for Feeding 
Number Crunchers” 

14/4 “Cycle vs Access Time: Optimizing 
Semiconductor Parts for Number Crunching” 

14/5 “Lucasfilm Audio Signal Processor and Music 
Instrument” 


Session 15: Independent Data/Instruction 
Stream Microprocessors 


Thurs 12:30 to 2:30 pm 
Chair: T. Miller, NcR Corp 


15/1 “Performance of Harvard Architecture in Tms320” 
| 15/2 “Architecture Comparison of Two mips” 
15/3 “A Simple Multiple atu Computer for Low 


Level Parallelism” 


Session 16: The New Floating Point 
Standard: Implementation and 
Applications 


Thurs 12:30 to 2:30 pm 


Chair: R. Mateosian, National Semiconductor Corp 
16/1 ‘What Good Is It?” 


16/2 “High Performance Floating Point Coprocessor 
for Protected Multi-User Systems” 


16/3 ‘Floating Point Support for the Ns16000 Family”’ 


16/4 “Elementary Functions Based upon IEEE 
Arithmetic” 


16/5 ‘Floating Point Power for the m6soo0 Family” 
16/6 “‘eLxsi’s 6400 Arithmetic Processor” 


Session 17: System Software in Silicon 
Thurs 3:30 to 5:30 pm 


Chair: S. Ohr, Electronic Design magazine 
17/1 “Software Logic Replacement” 
17/2 “Software and Hardware Integration Leads to 
Compact Systems: cp/m-86 and iRMx-86 On Silicon” 
(continued on page 86) 


KONTRON Logic Analyzer/Slave Emulator 


Your Most Powerful Micro Development Tools 
Have Been Combined 


Now you can have timing and state logic analy- 
sis, slave in-circuit emulation, and full software 
development capability in one powerful, eco- 
nomical system. And, KONTRCN’s new Logic 
Analyzer/Slave Emulator (LASER) system can 

be configured to match your needs. With 32-, 48-, 
or 64-channel logic analysis to 100 MHz. With 
built-in dual 54" disk drives. With disassemblers, 
microprocessor interface, and slave emulation 
for all popular 8- and 16-bit chips. And, with all of 
the software development tools and ease-of-use 
features of the KONTRON/ 
FutureData 2300 Series 
development system at 
your command, running 
under CP/M®*. With the 
flexible LASER system, 
you can reduce your 
investment in new devel- 
opment tools by as much 


ADVANCED £ 
ELECTRONIC 
INSTRUMENTATION = 


IN THE UNITED STATES 
KONTRON Electronics 


630 Price Avenue, Redwood City, CA 94063 
Tel: (415) 361-1012; outside CA: (800) 227-8834 


Circle 46 for Literature 


as 50 percent. If you already own a 2300 Series 
system, expand its logic analysis capability with 
a software-compatible LASER. Or, if you own 

a KLA Series Logic Analyzer, expand its use by 
adding an ASCII keyboard, software develop- 
ment tools, and in-circuit emulation. LASER 

can even be interfaced to Intel, Motorola, HP, 
Tektronix, or other development systems. Com- 
plete your capabilities with one of KONTRON’s 
desktop or portable PROM programmers. 

Get all the facts and figures on these synergistic 
cost-reducing solutions to 
your hardware/software 
development/debugging 
needs. Call our 24-hour 
toll-free number (800) 
227-8834 ... or drop us 
a line. 

“CP/M is a registered trademark 

of Digital Research, Inc. 


VY4KONTRON 
ELECTRONICS 


IN EUROPE 


KONTRON Messtechnik GmBh 
Breslauer Str. 2, 8057 ECHING/W. Germany 
Tel: (0 89) 3 19 01-1 Telex: 05 22 122 


Circle 177 for Demonstration 
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(continued from page 84) 
17/3 “A p-Code Interpreter for the 1804” 
17/4 ‘The R65F11 Forth Microcomputer” 
17/5 “Silicon Software Supports Many Users” 


Session 18: Graphics Display Memory 
Thurs 3:30 to 5:30 pm 


Chair: S. Gupta, 18m Corp 

18/1 ‘cmos DRAMS Improve Graphics Bandwidth” 

18/2 ‘Memories in Graphics—Present and Future” 

18/3 “Memory Architecture Comparisons” 

18/4 ‘“Dual-Port Memory with High Speed Serial 
Access” 

18/5 “High Resolution Graphic System” 


Session 19: System Design with 16/32-Bit 
Microprocessors 

Fri 9 to 11 am 

Chair: R. Mateosian, National Semiconductor Corp 

19/1 ‘A Simple zsoo0 System” 

19/2 ‘‘mesooo Educational Computer Board Design” 


19/3 “A 16/32-Bit Architecture for Signal Processing” 


19/4 “System Design with the Ns16000 Family” 
19/5 “Designing a High Performance 286 System” 


19/6 “Multiprocessor Systems Using the Transputer’’ 


The TSD 


TOUCH SCREENS 


They give you that 
competitive edge. 


From home computer user to OEM, our 12-, 15- 
and 19-inch Digitizers now put a Touch Screen within 
your reach. 

And, of course, each model includes all the features 
and the quality that you have come to expect from 
TSD— ease of operation, high resolution and troublefree, 
long life. 

Easily mounted on existing displays, the excellent 
resolution of the TSD Touch Screens even permits the 
entry of graphic data. 

Act now to take advantage of our low prices. OEM and 
quantity discounts available. 


AND DELIVERY IS FROM STOCK! 
TSD DISPLAY PRODUCTS, INC. 


Sales * 35 Orville Drive * Bohemia, NY 11716 
Tel 516-589-6800 * Telex 14-4659 
Customer Service ¢ Tel. 516-589-5067/5068 


Manufacturing © Tel. 613-592-1774 
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Session 20: Desktop and Personal 
Computers 
Fri 9 to 11 am 


Chair: R. Melen, Cromemco, Inc 

20/1 ‘Riding the ism Wave”’ 

20/2 “The Executive |: An Advanced Portable 
Desktop Computer” 

20/3 “An iEEE 696 Bus Xenix Based Virtual Memory 
Desktop Computer” 


Session 21: Realtime Fail-Safe and Fault 
Tolerant Mini/Microcomputer 
Fri 12:30 to 2:30 pm 
Chair: G. A. Kravetz, Fail-Safe Technology Corp 
21/1 “Design Considerations for Achieving a Fault 
Tolerant System” 
21/2 ‘New Architecture for Fault Tolerant Systems’ 


21/3 “Applications of Fault Tolerance in Industrial 
Control” 


21/4 ‘Micro Based Fault Tolerant Architecture” 


’ 


Session 22: Advanced Personal Computers 
and Their Processors 
Fri 12:30 to 2:30 pm 


Chair: J. J. Farrell, Motorola, Inc 


22/1 ‘‘Microprocessors for a Broad Family of 
Personal Computers” 


22/2 “Cost-Effective 16/32-Bit Solution” 
22/3 ‘The Future of Personal Computers” 


22/4 “High Level Computation for Personal 
Computers” 


Session 23: The MPU Product Path: 8 Bit, 
16 Bit, 32 Bit 
Fri 3:30 to 5:30 pm 


Chair: J. Nutt, Motorola, Inc 

23/1 “Compatible Microprocessor Systems: 16 Bits 
to 32 Bits” 

23/2 ‘8/16/32-Bit Compatible mpus Offer Product 
Breadth” 

23/3 “Software Compatibility Ils a Must” 


23/4 ‘“8/16/32-Bit pu Requirements for Managing 
Energy and Facilities” 


Session 24: Distributed Networking with 
Personal Computers and 
Terminals 

Fri 3:30 to 5:30 pm 


Chair: W. Ferris, Advanced Systems Concepts, Inc 

24/1 ‘Peripheral Networks for the Small Business 
Office” 

24/2 “Making the Link with Micros and Distributed 
Networks” 

24/3 “Electronic Mail” 


24/4 ‘Networked pcs; Ether Series Case Studies” 
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AVERAGE POWER PER GATE (mW) 


ADVANCED LP SCT 
sans TTL 


HEY GUYS, YOU LEFT OUT 
THE BEST PART. 


Maybe you've seen a chart like 
this in a Tl ad. It shows how all their 
new advanced-logic ICs rate. What 
itdoesn't show is FAST™ from 
Fairchild. That's because next to 


FAST’s 3ns speed and 4mW power, 


AS and ALS don't really rate at all. 


We have over 70 functions avail- 


able, more than any other high- 
speed logic family. And the entire 
family is a plug-in replacement for 
Schottky, making upgrading easy. 


And talk about upgrading: FAST 
is the only family that gives you 
speeds 30% faster than Schottky at 
LS-type power levels. 

Maybe that's why Hamilton/ 
Avnet has made their largest com- 
mitment ever to an advanced-logic 
family, with a 10-million circuit order 
of FAST. 

When it comes to high speed 
and low power, come to FAST. 
We've got all the best parts. Call your 
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nearest Fairchild sales office or 
distributor, or contact the Product 
Marketing Department, Fairchild 
Digital Products Division, 333 
Western Avenue, South Portland, 
Maine 04106. 


UPI Cover 


Our UNIX Super 


Microsystem Helps 
TheWorld. 


We're Dual Systems. 

And our 83/20 16-bit super microsystem is a real success story for United 
Press International. 

By appointing our 83/20 as the computer base to their Newspaper Computing 
System, the people at UPI now enjoy networking journalism on an even larger 
scale. They transmit stories. They transmit graphics. They transmit photos. And 
they do it instantly. 

Because they know late-breaking news can't be late. 

However, UPI isn’t alone in its decision to use Dual Systems. On the contrary. 
Boeing, Sony, Ford, and General Electric are also some of the names you'll find 
on our blue-chip client roster. 

Perhaps the reasons for such a stellar following are the 83/20’s minicomputer 
capability and microcomputer price. And it’s backed with a one-year warranty. 

And that it's powered by the outstanding Motorola MC68000 which delivers 
approximately one million instructions per second running at 1OMHz. 

And that our 83/20 includes full UNIX* System III with Berkeley enhance- 
ments like C-shell and Visual Editor. 

And that it provides Source Code Control and language options, including 
BASIC, COBOL, PASCAL, FORTRAN 77, and ASSEMBLER. 

Then again, our 83/20’s success may be due to the strict conformance of the 
TEEE696/S100 bus architecture. 

Of course, some customers have told us they particularly like the 83/20 for its 
incredible application versatility. Like graphics. And automatic typesetting. And 
robotics. And digital plotters. In fact, name an application and the chances are 
very good you'll find our 83/20 can handle it. 

Our track record is also rather impressive — we've been delivering 68000-based 
systems with full UNIX capability longer than anyone else — that adds up to a 
68000, multi-user, UNIX-based super microsystem with proven reliability. 


Whatever the reason for our 83/20's 


remarkable market acceptance, you'll 

like it because it does all of the above at 

a price you can easily live with: quantity 

ten at $11,662 per system. 

.. So, while it helps UPI, Sony, Ford 

», and General Electric, the good news is 

that help you. 

irther information, please write 
ne our Marketing Department 

-3854 


you the complete scoop. 


1. 3ystems Corporation 
30 San Pablo Avenue 
‘keley, CA 94702 
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Your logic translation is free. 


At SPI we guarantee you'll love the bill 
for logic translation. You'll love it, because 
there won’t be one. We'll take your logic 
and convert it to CMOS, free. Other gate 
array suppliers charge for conversions, 
or tell you to convert it. We believe real 
gate array support begins with free logic 
translation. 


Our production cycle can 
save you time. 


When you buy from SPI, typical delivery 
for approved parts is only eight weeks from 
the time we receive your logic. This means 
we can help make up for any of your lost 
development time. At SPI we know how 
crucial it is to get product to market and 
we'll help you get it there—on schedule. 


Anew five inch FAB. 
Dedicated to you. 


Our new five inch wafer line has given 
us 50% additional production capacity. 
And the capability to produce over four 
million units per month. Other gate array 
suppliers are running at maximum capac- 
ity; or even worse, must vend out their 
FAB needs. At SPI, when we take your 
business we keep your business— in house. 


CMOS C-HLA. Another 
smart move. 


If you're not quite ready to move into 
gate arrays, but need a low-power alterna- 
tive to bipolar PALs, HALs or FPLAs, con- 
sider an SPI C-HLA. C-HLAs are CMOS 
compatible HLAs that offer high noise im- 
munity, lower standby supply current and 
wider supply voltage range. And to get 
started on a C-HLA all that is needed on 
your part is to send SPI your proven logic 
equations—we'll do the rest. 

There’s no up front cost for orders of 5K 
delivered within twelve months. 

Make the smart decision and talk to SPI 
about gate arrays and C-HLAs. 

Mail the coupon or call Gary Westbrook 
at (408) 945-1500. Semi Processes, Inc., 
1971 N. Capitol Ave., San Jose, CA 95132. 
TWX: 910-338-0025. 


[Pe ee ee ee ee ee ee ee 
: SPI 127! N. capitol Ave., San Jose, CA 95132 - 
Please have a salesman call. My interest is in: i 
- (_] Gate Arrays cD - 
Name 
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q Company. ‘] 
i Address i 
— City i 
a). Stiterae ee es 2 ip i 
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: Application : 
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Solutions In Silicon 


© 1983 Semi Processes Inc. 
*PAL and HAL are trademarks of Monolithic Memories, Inc. 
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ONE SLOT SHOPPING. 


INTRODUCING © 


THE WINCHESTER/FLOPPY TAPE 
THREE-IN-ONE MULTIBUS CONTROLLER. 


Try this on for size. 

DSD’s new 7215 single-board Multibus® 
controller/interface handles two SA1000-type 40Mb 
Winchesters, a 4” streamer, and two 8” floppies. 

Plus on-board data separation, 32-bit ECC, and 
self-diagnostics. All on the same board. 

There’s also a version for 514” drives, the 5215, 
with similar capabilities. 

And both are very, very quick. 

Thanks to a pipelined architecture that moves 
data at non-interleaved speeds. 


Top-ofthe-line performance. 

The 7215 and 5215 are the highest performance 
controllers on the market for 8” and 514” drives. 

And that makes them ideal for multiuser and 
UNIX™ applications. 

They also emulate Intel®iSBC® 215 and iSBX™ 
218 controllers so you can run RMX 86 anytime. 

And with 24-bit addressing support, you can 
take advantage of high performance microprocessors 
like the 68000 and the new inexpensive memory chips 
to address larger physical RAM memory. 

To tune system performance, both boards offer 
four alternatives for bus arbitration. As well as having 
the capability to boost system performance by per- 
forming overlapped seeks and multisector operations. 


Plus the convenience to match. 

The best part about all this performance is that it 
comes on one board. So it only takes up one back- 
plane slot. And there are no extra boards to fool with. 

As easy as that sounds, there are those of you 
who'd rather not do-it-yourself. For you, the 7215 
controller is also available in our 770 storage systems. 

And like all DSD products, our Multibus boards 
and systems are supported by our exclusive Rapid 
Module Exchange™ and regional service centers. 


Shop around. 

Compare our incomparable Multibus boards and 
systems to anything else you like. To make it easy, just 
send your business card to DSD Corporate Head- 
quarters, Marketing Communications Department, 
for a free copy of “The Multibus Buyers Guide.” 


Corporate Headquarters: 2241 Lundy Avenue, San Jose, CA 
95131. Eastern Region Sales and Service: Norwood, MA, (617) 
769-7620. Central Region Sales and Service: Dallas, TX, (214) 
980-4884. Western Region Sales: Santa Clara, CA, (408) 
727-3163. International Sales: San Jose, CA, (408) 946-5800. 


"Intel, Multibus, and iSBC are registered trademarks of Intel Corporation. “iSBX is a trademark of 
Intel Corporation. 

“UNIX is a trademark of Bell Laboratories 

“Rapid Module Exchange is a trademark of Data Systems Design, Inc 
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IECON’83 


Annual Conference on 
industrial Electronics 


Hyatt Regency Hotel 
San Francisco, California 
November 7 to 11, 1983 


The impact of small computers on control and 
automation, which has increased exponentially 
in the past few years, will be the prime focus of 
information disseminated at IECON ’83. IEEE 
Industrial Electronics Society’s ninth annual 
conference on industrial applications of mini 
and microcomputers is international in scope. 
Speakers from leading companies around the 
world will discuss the increasing number of 
applications for mini and micro systems in 
industrial electronics. 

Contributing authors will present papers on 
designing, implementing, and testing hardware 
and software systems for manufacturing process 
control, energy systems, data acquisition, and 
signal processing. Even those papers that 
describe new product releases will provide high 
quality technical information, not marketing or 
sales hype. The conference keynote speaker, 
Ted Jenkins, (general manager, peripheral 
components, Intel Corp) will address “visi 
Technology: Past, Present, and Future.” Special 
sessions preceding and following the address 
will amplify this topic, along with five tutorials 
that promise in-depth coverage of specific areas 
of mini/micro industrial applications. 

Tutorial | will establish the fundamental design 
criteria enabling microprocessors to be built into 
realtime process control. This is in response to a 
request that technical data cover a recent trend: 
process control and programmable controller 
systems using vendor-supplied hardware have 
become the most frequently used distributed 
computer control systems today. Dr M. Andrews, 
professor of computer science at Colorado State 
University, will lead the discussion on 
programmable addressing modes and instruction 
sets, real world interfaces, data acquisition, 
process control digital algorithms, and a method 
of converting Laplace into digital code. 

Each of the remaining four tutorials will be 
similarly presented by respected engineering 


Photo courtesy of San Francisco Convention and Visitors Bureau. 


scientists. Speakers will provide answers to 
such questions as ‘‘How is fault tolerance 
achieved and why is it important in digital 
design?” (Dr J. A. Humphrey, president, Del Rey 
Systems). Also “What are the latest digital ic 
design techniques?” and “How are combination 
networks, PAL- and PLA-based designs, modern 
sequential networks, and LSI/MSI used as system 
building blocks?” (Dr J. R. Story, chair, Electrical 
Engineering and Technology Dept, Florida 
International University). 

Personnel aspects of software development 
and high level software design quality assurance 
will be presented by Dr A. B. Delfino, consultant, 
Software Engineering & Instruction, Inc, and 
adjunct professor of computer science, Santa 
Clara University. To round out the conference, 
Dr A. Weaver, associate professor, University of 
Virginia, will discuss the topology of local area 
networks in terms of virtual circuits, queuing 
theory, ISO layered architectures, contention, 
token-passing and hybrid protocols, and data 
encryption and security. 

IECON ’83 will run concurrently with this year’s 
Wescon conference and exposition (see p 74). 
Registration for IECON includes free admission to 
Wescon; shuttle buses between the two 
conventions will be available. 

(continued on page 94) 


For registration information, contact Frank A. 
Jur, Bechtel Corp, 45 Fremont St, MS45/17A26, 


San Francisco, CA 94109. Tel: 415/768-3023 
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Professional Program Excerpts* 


Tutorial |: Microprocessors in Control 
and Instrumentation 
Mon 9 am to 5 pm 


M. Andrews, Colorado State Univ 


Tutorial Il: Software Engineering 
Management 
Mon 9 am to 5 pm 


A. B. Delfino, Software Engineering & 
Instruction, Inc 


Session 1: Automated Manufacturing 
Tues 9 to 11:30 am 


Chair: P. Gold, Adolph Coors Co 

1/1 “The Use of Touch-sensitive Video Displays 
in Online Control Systems” 

1/2 “A Locally Intelligent, Programmable, Flat-panel 
Display for Industrial Control Applications” 

1/3 “The Synor 9900: A New Continuity 
Tester for Bare pc Boards” 

1/4 “A Minicomputer-based Continuous Annealing 
System for Mechanical Filter Long Elinvar Wire”’ 

1/5 “Identification Camera Control”’ 

1/6 “Design of an Automated Labeling System” 


Session 2: Data Acquisition 
Tues 9 to 11:30 am 


Chair: C. W. Einolf, Jr, Westinghouse Electric Corp 

2/1 “A Data Acquisition System with Wide Dynamic 
Range and Weak Signal Enhancement Properties” 

2/2 ‘Marrying a Remote Data Acquisition and Control 
System to a Medium Resolution Graphic Computer” 

2/3 “Microprocessor Application in Data Acquisition 
Systems” 

2/4 “A Microcomputer-based Distributed Event 
Monitoring System” 

2/5 ‘Personal Computers Monitor Industrial Waste” 


4/3 “The cav-1000—A High Performance, 
Cost-effective Vision System” 

4/4 “Online Shape Recognition System for 
Hot-Strips of Steel Using High Speed Image 
Processing Techniques” 

4/5 ‘Programmable High Speed Image Processor ppP}-i”’ 


Session 5: Automated Testing 
Tues 2 to 4:30 pm 


Chair: T. Goldstein, Bell Labs 

5/1 “Computer Switch Tester” 

5/2 “Test Set Hardware Performance Evaluation” 

5/3. “A Data Acquisition and Control System for 
Automated Testing of Motor Drives” 

5/4 “Personal Computer-based Directional Tool 
Test Stand” 

5/5 “Universal Microcomputer Electrical Testing 
System” 


Workshop |: Software Reliability 
Tues 2 to 4:30 pm 


Organizer: A. Abramovich, Control Automation 


Special Session |: Local Area Networks and 
Factory Communication 
Wed 8:30 to 9:45 am 


Chair: L. Hsieh, General Electric Co 


Special Session II: VLSI Impact on 
Industrial Electronics 
Wed 10 to 11:15 am 


Chair: R. Bruns, Intel Corp 


Keynote Address: vLsi Technology: Past, 
Present, and Future 
Wed 11:30 am to 1:30 pm 


Speaker: T. Jenkins, Intel Corp 


Session 4: Machine Vision 

Tues 9 to 11:30 am 

Chair: J. E. Trombly, Octek Inc 

4/1 “Managing Complexity in Vision-based Systems 
4/2 “Applying Machine Vision: A New Approach” 


*Professional Program sessions are subject to last-minute 
changes. 
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Special Session Ill: Robotics —Today and 
Tomorrow 
Wed 2 to 3:15 pm 
Chair: J. Cassidy, General Electric Co 
(continued on page 96) 


SHARE THE WEALTH 
WITHOUT SPENDING 
A FORTUNE. 


The Peripheral Processor Link from Ranyan. It lets PDP-44, LSI-44 and VAX computers 
share memory. Without making you invest in a whole new system. 


Two for the price of one. Ranyan’s PPL-1 and PPL-2 allow DEC users to share memory for 
vastly improved system performance. Without the drawbacks of DMA links, multi-ported 
memories, local area networks, or other com- 
munications links. By providing a comprehensive 
interface between any of DEC's LSI-14, PDP-41 and 
VAX computer systems, the Peripheral Processor 
Link makes one computer's memory available to 
the other, as if it were its own. And allows you to 
maintain the valuable investment in your existing 
system, often without having to upgrade at 
enormous expense for more power. 


Unforgettable performance. By allowing Unibus 
or Q-Bus Computers fo share memory, the Peri- 
pheral Processor Link not only dramatically adds 
computing power, but also provides for parallel processing. Or redundancy computing 
with one system backing up another so there's never any lost data. Plus data communi- 
cations and data acquisition system front-ending to keep a host from wasting valuable 
overhead on menial protocol chores. And unlike other “so-called” means of memory 
sharing, no special software is required with the Peripheral Processor Link. 


More sharing. To add sophistication in a multiple system environment we offer our MSM-1/5 
MultiShared Memory Series. This intelligent shared memory subsystem allows the cluster- 
ing of up to 4 DEC CPU's in 5 configurations, and comes complete with a processor, memory 
and shared memory links, housed in a 5%” rack-mountable chassis. Up to 3 additional 
backplane slots are available for custom interfacing. 


Memorable users. When we introduced the Peripheral Processor Link series nearly two 
years ago, some very big names took notice. And action. Industry giants like Teledyne, 
General Electric, Raytheon, and Western Electric; plus scientific labs at Cal Tech and the 
University of Wisconsin are all using it in their systems. But you dont have to be a big name 
to take advantage of its big benefits. Especially with its very small price. 


For more about the Peripheral Processor Link or any of our DEC system enhancements, 
call or write Ranyan today. And start sharing the wealth. Ranyan Corporation, 
15239 Springdale Street, Huntington Beach, CA 92649. 714-895-5504. 


DEC, LSI-41, PDP-41, VAX, Q-Bus and Unibus are trademarks of Digital Equipment Corp. 
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Special Session IV: Quality in Industrial 
Electronics: Is It 
Really Free? 

Wed 3:30 to 4:45 pm 


Chair: R. Goodman, General Electric Co 


Special Session V: Trends in 
Motion Control 
Wed 3:30 to 4:45 pm 


Chair: K. Phillips, Eaton Corp, Cutler Hammer 
Products 


Session 8: Programmable Control 
Thurs 9 to 11:30 am 


Chair: H. Haneda, Kobe Univ 


8/1 “A Programmable Logic Controller Based on a 
High Level Specification Tool” 


8/2 “Programmable Controller with a 
Multiprocessor-based High Speed Interactive 
Language System” 


8/3. ‘“‘Microcomputer-based Programmable Controller 
Systems for Industrial Applications” 


8/4 “A Novel Sequential Control Function for 
Analog and Discrete Environments” 


8/5 “Ensuring Fail-Soft Process Control: 
A Distributed Valve Controller Network” 


New dimensions in 
data storage... 


Techtran 
cassette/disc 
recorders, stan- 
dard in the industry. 
They do what you want where you want it—fast. 

@ High storage to 720K bytes per media 

@ 110 to 19.2 K bytes with automatic file handling 

@ Powerful text editor, character string search 

= Motor shutoff, programmable commands, self-test 

@ Single and dual drive models 

@ Desktop, rack and carrycase mounting 

@ AC and battery power, RS232 I/O's 

w Priced $995 to $2125 with liberal OEM discounts 

™ Custom designs upon request 

Fully compatible to PBX, SMDR, programmable controllers, 
dataloggers, N/C, data 
instruments, program 
loading. Call or write 
us today. 


BECHTRAN 


INDUSTRIES, INC 


200 Commerce Drive, Rochester, New York 14623 
Telephone (716) 334-9640 TWX 510-253-3246 
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CIRCLE 56 


Session 9: Power Systems 
Thurs 9 to 11:30 am 


Chair: T. Hasegawa, Toshiba Corp 

9/1 “Programmable Controller Standardized 
Application Programs and Documentation for 
Nuclear Power Plants’”’ 

9/2 ‘Programmable Front End for Power Network 
Parameter Monitoring” 

9/3. “An Equivalent Circuit Model Identification 
for Secondary Storage Battery in Power System 
Load Leveling” 

9/4 “Application of Microprocessor to Automatic 
Reclosing of Electric Power Systems” 

9/5 “Application of Microprocessors to 
Computer-based scaDA System for Electric Power 
Systems” 


Session 10: Software Techniques 
Thurs 9 to 11:30 am 


Chair: J. F. Ready, Hunter & Ready Inc 

10/1 “Specification and Evaluation of Requirements 
for Embedded Systems” 

10/2 ‘A New Synchronization Scheme for 
Microprocessor-based Realtime Control Systems” 

10/3 ‘Relational Database Model in the Control 
of Dynamic Systems”’ 

10/4 “When the Cost of Going Down Goes Up...” 


Session 11: Robotics 
Thurs 9 to 11:30 am 


Chair: J. C. Harshaw, Bell Labs 

11/1. “Dynamic Computer Control of a Robot Leg” 

11/2 “A Software Package for Micro-Robot and 
Coordination between Robots with Voice Command” 

11/3 “Analog vs Digital Nonlinear Control of 
Master-Slave Manipulators” 


11/4 “A Simulation and Operation Software for 
Manipulator with Pantographic Mechanism” 


Session 12: Numerical Control 
Thurs 2 to 4:30 pm 


Chair: M. A. Catalano, Canberra Industries 

12/1 “Modular, High Throughput Computer 
Numerical Control for Flexible Manufacturing 
Systems” 

12/2 “DNCICNC—A Way to Improve Quality and 
Reliability in Nc Machining” 

12/3 ‘‘Microprocessor-based Automatic Programming 
cnc for Machining Center” 

12/4 ‘Mark Century 200 Computer Numerical 
Controls: Hardware Architecture and Development 
Strategy” 

12/5 ‘Mark Century 2000 Computer Numerical 
Controls: Software Development and Strategy”’ 


12/6 “Mark Century 2000 Computer Numerical 
Controls: A System Design for Self Test” 


Session 13: Computer Control 
Thurs 2 to 4:30 pm 


Chair: Y. K. Wo, Bell Labs 

13/1 “Microprocessor Controller for a Solar 
Heating System” 

13/2 ‘Microprocessor-controlled MOSFET Inverter 
for Solar Energy System” 

13/3 “Microprocessor-based Gate Pulse Generator 
for a Phase-controlled Rectifier” 

13/4 “Microcomputer Digital Control of an scr 
Type Arc Welding Power Source” 


13/5 “Suboptimal Control of the Roof Crane by 
Using the Microcomputer” 


Session 14: Local Area Networks 
Thurs 2 to 4:30 pm 


Chair: A. Sauer, Siemens aG 

14/1. “Design Philosophy of a Portable and 
Extensible Network Message Processor Software 
for Microcomputer Network”’ 

14/2 “Onboard Optical Data Communication 
Network for Train Control” 

14/3. “A High Speed Optical Data Highway for 
Industrial Control Systems” 


Workshop II: Manufacturing Work Cell 
Architecture 


Thurs 2 to 4:30 pm 
Organizer: A. Abramovich, Control Automation 


Tutorial Ill: Fault Tolerant Computers in 
Industrial Applications 


Fri 9 am to 5 pm 
J. A. Humphrey, Del Rey Systems 


Tutorial 1V: Modern Digital Systems Design 
Fri 9 am to 5 pm 


J. R. Story, Florida International Univ 


Tutorial V: Local Area Networks 
Fri 9 am to 5 pm 


A. Weaver, Univ of Virginia 


The FASTEST RELIEF 


from your processing headaches 
PM6S8D » PAcic 


Microcomputers, Inc. 


meets or exceeds 

IEEE-796 standards id 

¢ Motorola or Intel byte 24 Mbyte address 
order space 

* no-wait-state memory © dual ported no-wait- 


management state memory 
¢ 10 MHz CPU * true parallel I/O 
¢ 68000 or 68010 ¢ mailbox interrupts 


NO 68000 MULTIBUS CPU IS FASTER! 

Reliability plus performance to speed your process- 
ing and maintain your quality. 

Call PACIFIC — (619) 436-8649. 

119 Aberdeen Drive + Cardiff, CA 92007 


Seo us at (= COMMDEN/ Fall ’83 


CIRCLE 57 


MODERN DIGIT 
TROUBLESHOOTING 


an Implementation Guide 


This guide describes a system that converts digital 
signals into usable information rather than mean- 
ingless ones and zeros. You'll learn how to develop 
a troubleshooting strategy that will save you time 
and money. 

To receive a complimentary copy ($22 retail value), 
send a letter of request to Data |/O, Attention DTS 
Product Manager, 10525 Willows Rd. NE, C-46, 
Redmond, WA 98052. 


Please include $5 for DATA L/O 
postage and handling. 
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Circle 58 for Literature 


P AVAILABLE 
NOW 


AVERAGE SEEK 
TIME. 


HEADS never land on data 
areas. All WREN drives use a 
dedicated media zone for 
head take-off and landing. 


VERTICAL OR HORIZONTAL 
MOUNTING in the same 
space as a 5-1/4" FDD 
permits easy integration 
into FDD-based systems. 


UNIQUE SHOCK-MOUNTED BASE 
deck assembly isolates heads 
and media from external 
vibration. Automatic actuator 
restraint and manual shipping 
lock prevent head movement 
during shipment. 


T H E W R E N”™ 


The Model 9415 WREN disk drive gives you a host of value-added features. a Stet 

From microcomputer and LSI control logic to special-formula media, high 4 

technology has finally delivered a 5-1/4" winchester with more reliability. 
Compare for yourself. Call your local Arrow or Kierulff distributor today. 

Or write: OEM Product Sales, HQNO8H, Control Data Corporation, PO. Box 0, 

Minneapolis, MN 55440. 


DEDICATED CLOSE-LOOP SERVO 
SYSTEM for added positioning 
accuracy and maximum 
system performance. 


(25) CONTROL DATA 


Information Hot Line 1-800-621-1776. 
In Illinois, 1-800-572-6724. 
CIRCLE 53 
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AUTOMATED INTEGRATED FACTORY OF TOMORROW 


Photo courtesy of Metropolitan Detroit Convention and Visitors’ Bureau. 


CONFERENCE AND EXPOSITION 


Cobo Hall 
Detroit, Michigan 
Conference: November 14 to 17, 1983 


The best way to automate, computerize, and 
integrate manufacturing operations—from start 
to finish—is an ongoing concern of 
manufacturing engineers at the forefront of 
production technology. Such know-how is the 
focal point of the AUTOFACT 5 convention, to be 
held at Detroit’s Cobo Hall November 14 through 
17. Complementing the show’s technical 
program sessions is the exposition, which will 
run three days. It will feature over 100 
companies offering hands-on demonstrations of 
systems equipment and proven methods of 
computer automation. 

A bonus at this year’s AUTOFACT will be the 
PCI/MOTORCON exhibition. This adjoining event 
will feature power electronics, sensor and 
motion control equipment, and components 
useful in developing shop floor automation 
systems and facilities. 

Computer integrated manufacturing (CiM), as 
AUTOFACT 5’s theme, is the backbone of each 
program session and of over nine hours of 
tutorials. Computer-aided design and 
manufacturing (CAD/CAM) will be demonstrated as 
a means of breaking out from under a closed 
loop manufacturing operation into a unified, 
efficient, computer-based network of design, 
engineering, and production tasks. More than 
100 experts chosen for their experience in the 
field will address other CiM techniques such as 
analysis and simulation, process facilities, 
industrial robotics, materials handling systems, 
integrated graphics, computerized storage and 
retrieval, group technology, automated 


Exposition: November 15 to 17, 1983 


assembly, quality assurance and control, and 
CADICAM software. 

During the first three days of AUTOFACT 5, 
tutorials that explain the fundamentals of 
automated manufacturing will be offered in 
evening sessions. Several of the tutorials will be 
repeated for the convenience of the attendees. 
Both theory and practice will be taught to give 
insights into CAD/CAM’s present capabilities and 
its prospects for future development. 

Basics and applications of 3-D solids 
modeling will be reviewed. These discussions 
will cover not only hardware requirements, but 
also who sells the machines and for what price. 
The tutorial sessions dealing with CIM will cover 
the parametric design process, the graphics 
automated template system (GATS), the tubend 
process, finite element analysis, and automated 
diagram systems. Requirements for 
communications, control networks, and 
database management to implement a CAD/CAM 
manufacturing process will also be examined. 

The Computer and Automated Systems 
Association of the Society of Manufacturing 
Engineers (CASA/SME), in cooperation with SME 
and Robotics International (SME/RI), is sponsoring 
AUTOFACT 5. 

(continued on page 100) 


For registration information, contact SME Public 
Relations Dept, One SME Dr, PO Box 930, 


Dearborn, MI 48121. Tel: 313/271-0777 
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AUTOMATED INTEGRATED FACTORY OF TOMORROW 


(continued from page 99) 


Professional Program Excerpts* 


Session 1: Integration 

Tues 8:30 to 10:30 am 

Chair: W. D. Beeby, William Beeby & Assoc, Inc 

1/1 “Integrating CAD and CAM” 

1/2 “New Hardware and Software Trends in CADICAM 
1/3 “Productivity in the High Technology Industry” 


Session 2: Design 
Tues 10:45 am to 12:30 pm, and 1:30 to 4:30 pm 


Chair: A. Bernat, General Motors Corp 

2/1 “Solid Geometric Modeling—A Design and 
Manufacturing Strategy” 

2/2 ‘An Approach to Computer-integrated 
Manufacturing at Brigham Young University” 

2/3 “Computer-aided Design for Complex 
Geometry Molds” 

2/4 “Integration Considerations for CAD/CAM 
Systems” 

2/5 “A CAD/ICAM System for Sculptured Surfaces” 

2/6 “Recent Progress of a Spline-based Solid 
Modeler” 

2/7 “The Role of Facility Design in Achieving 
CADI/CAM Productivity” 


Session 3: Documentation 
Tues 10:45 am to 12:30 pm, and 1:30 to 4:30 pm 


Chair: J. Thompson, Macomb Community College 


3/1 “Information Transfer between Computer-aided 
Design Systems: An Assessment of IGES” 


3/2 “cap to cAaM—Using a Shared Data Base”’ 
3/3. “Production Systems Management” 
3/4 “The Problems of Using cap-generated Data 


3/5 “Clfile Interpreter/Editor”’ 

3/6 “Computerized Electrical Harness 
Documentation” 

3/7 “The Role of Database Management and 
Simulation in Engineering Projects” 


*Professional Program sessions are subject to last-minute 
changes. 
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Session 4: Analysis and Simulation 
Tues 10:45 am to 12:30 pm, and 1:30 to 4:30 pm 


Chair: R. Kohl, Machine Design magazine 

4/1 ‘“‘Fms Design Using Microcomputer Graphics” 

4/2 “Computerized Methods for Predicting Robot 
Performance”’ 

4/13. “Comparison of Modeling Languages for 
Simulation of Automated Manufacturing Systems” 

4/4 “Finite Element Method—A Design Engineer’s 
Tool” 

4/5 “The Reality of Cost-Effective Nonlinear 
Analysis” 

4/6 ‘Prediction of Binder Wrap in Sheet Metal 
Stampings Using Finite Element Method” 

4/7 “Cost Savings through Material Nesting” 


Session 5: CAD/CAM Unification 
Tues 10:45 am to 12:30 pm 


Chair: C. Michael, Ramtek Corp 

5/1 “‘Taking the ‘Slash’ Out of cap/cam True 
Design-Manufacturing Integration” 

5/2 “Database Management and Distributed 
Processing” 

5/3 “Environment Theory: The Effects of cim 
Elements on System Relationship and Performance” 


Session 6: Integration 

Wed 8:30 to 10:30 am 

Chair: C. Skinner, Allen & Hamilton, Inc 
6/1 ‘To be announced 


6/2 “Computer-integrated Manufacturing—How To 
Get Started’”’ 


6/3 “Factory Automation—Economics or Survival” 


Session 7: Scheduling and Materials 
Wed 10:45 am to 12:30 pm, and 1:30 to 4:30 pm 


Chair: F. M. Zenobia, Jr, Dresser Industries, Inc 
7/1 “Technology Integration ... The Time Has Come’”’ 


7/2 “Improving Management Performance— 
Management’s Vital Challenge”’ 


7/3. “Shop Floor Control Sequencing”’ 


7/4 “The Role of Buffer Storage on the 
Productivity of a Production Line with Robots” 


7/5 “Shop Floor Control” 
7/6 “The Paperless Factory” 
(continued on page 102) 


WHEN ZENITH PROMISES 
STATE-OF-THE-ART SWITCHING POWER SUPPLIES, 
ZENITH DELIVERS 


C. ENCLOSED 


‘ D. OPEN FRAME 
te 


7. 


A. OPEN PC.B. 


B. L-BRACKET 


HIGH VOLUME CAPACITY « STATE-OF-THE-ART TECHNOLOGY + QUALITY WITHOUT QUESTION 
Complete capability to tailor or customize to your individual specifications. 
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The above represents partial specifications. For more details or information, call or write Zenith Radio Corporation/CRT 
& Components Operations, 1000 Milwaukee Ave., Glenview, Illinois 60025. Telephone: (312) 391-7733; Telex 25-4396 
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The quality goes in before the name goes on: 
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Session 8: Process Facilities 
Wed 10:45 am to 12:30 pm, and 1:30 to 4:30 pm 


Chair: E. J. Adlard, Metcut Research Assocs, Inc 


8/1 “Computer-integrated Composites 
Manufacturing: Its Role in the Transfer of 
Technology and the Perpetuation of Composites in 
the Aerospace Community” 

8/2 “Robotic Arc Welding—HsLA Galvanized Steel” 


8/4 ‘Facilities and Manufacturing Planning 
Using Integrated Computerized Technologies” 


8/5 “Group Technology: A Pragmatic Approach for 
that First Step” 

8/6 “The Road from Variant to Generative Process 
Planning” 

8/7 “cam-’s Experimental Planning System, xps-1” 


Session 11: Material Handling 
Wed 10:45 am to 12:30 pm, and 1:30 to 4:30 pm 


Chair: R. L. Dratch, Allen & Hamilton, Inc 

11/1 “Handling Work-in-Process in Integrated 
Manufacturing Systems” 

11/2 “Rapid Retrieval System for Robotic Kitting” 

11/3 “The Application of Vision Systems in 
Materials Handling” 

11/4 “FMs-Flexible Manufacturing Systems” 

11/5 “Automatic Identification in the Factory of 
Today—and Tomorrow” 

11/6 “Voice Data Entry System Applications: 
Three Case Histories” 

11/7. “The Use of Sensors in Robotic Applications” 


Session 9: Automated Assembly 
Thurs 10:45 am to 12:30 pm, and 1:30 to 4:30 pm 


Chair: J. Dohner, CALMA Co 

9/1 ‘Variable Compliance Concept and Its 
Application for Automatic Assembly” 

9/2 “Computer Simulation and Control of 
Automatic Assembly Systems” 

9/3 “Automation Systems in the Lighting Industry” 

9/4 “Computer Technology—The Backbone of 
Electronic Assembly” 

9/5 “Assembly Robot Language and Control 
Software” 

9/6 ‘Robotic Application Development Using 
Interactive Tools and Fixtures” 


Session 12: Quality, Inspection, and Test 
Thurs 10:45 am to 12:30 pm, and 1:30 to 4:30 pm 


Chair: R. Paolino, Mechanical Technology, Inc 

12/1 “Robot Body Inspection System” 

12/2 “Computer Stock Verification” 

12/3 ‘Robotic Testing and Inspection Applications”’ 

12/4 “Machine Probe Applications” 

12/5 “Primer for Computer-aided Quality 
Information Systems” 

12/6 “Quality Assurance in the Integrated 
Computer-aided Manufacturing Environment” 


Session 10: Managing the Introduction of 
New Manufacturing Technology 
Wed 10:45 am to 12:30 pm, and 1:30 to 4:30 pm 


Chair: J. De Kriek, SofTech, Inc 

10/1 ‘“Technology—Can U.S. Management Meet 
the Challenge”’ 

10/2 “Factory Integration: Lessons from Experience 

10/3 “Advanced Manufacturing Research— 
Foundation of the Future” 

10/4 “Automation on the Manufacturing Floor— 
Who’s Holding It Back?” 

10/5 “Cost Benefit Analysis and Cost Benefit 
Tracking”’ 

10/6 ‘An Insider’s View of the Acquisition of 
CADICAM Equipment” 

10/7 “The Automatic Factory: One Example and 
How It Grew” 


” 
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Tutorials 
Mon 6:30 to 9:30 pm 
1. “Introduction to Robotics” 
W. J. Higgins, Prab Robots, Inc 
2. “cim—Integrating CAD and Cam” 
W. D. Beeby, William Beeby & Assoc, Inc 
3. “Solids Modeling—Concepts, Requirements, 
Advantages, and Capabilities” 
R. E. Crowley, Consultant 


Tues 6:30 to 9:30 pm 


1. ‘Material Handling in the Automated Factory”’ 
Speaker to be announced 
2. “cAD/ICAM Implementation and Integration”’ 
K. C. Bonine, General Dynamics 
3. “Applied Machine Vision” 
P. West, Automated Vision Systems 
4. “Database Management” 
D. S. Appleton, D. Appleton Co, Inc 


Wed 6:30 to 9:30 pm 
1. “Automated Database Capture for capicaAm”’ 


Speaker to be announced 


Not only will CalComps 
digitizing tablet 
integrate with your equipment, 
it will look like it, too. 


While other tablets give you 
just one color, CalComp gives you a 
choice. 

With CalComp’s 2000 Series 
Tablet you get all the colors and tex- 
tures you need to match it perfectly 
with your equipment. Plus, you'll have 
a choice of a metal or plastic case or 
no case at all. So instead of standing 
out like a sore thumb, the 2000 
Series will fit right in. 

It fits in other ways, too. The 2 
Series is plug-compatible with 


000 
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Hi 


competitive models. And with its 
flexible output format it will easily in- 
tegrate with all your equipment. 

The 2000 Series also offers you 
a long list of features, including self- 
contained electronics, mouse and 
joy stick emulation and the most reli- 
able pen on the market. It all adds 
up to the best price and performance 
investment you can make. 

So if the other digitizer tablets 
on the market have been looking drab 
to you, take a look at CalComp’s 
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2000 Series. It stands out—even when 
it’s fitting in. 

For complete information, call 
or write: CalComp, 2411 West La Palma 
Avenue, PRO. Box 3250, Anaheim, 
CA 92803. In continental U.S., except 
California, call (800) 556-1234, ext. 
156. In California call (800) 441-2345, 
ext. 156. 


CALCOMP 


Floating Point System: 
array processor to break 


The FPS-5000 Series from 
Floating Point Systems 


Now, a new family of 
products from Floating Point 
Systems brings increased com- 
puting power and unmatched 
price/performance to the 
signal/image processing world. 

With 3 to 6 times the speed 
and 4 times the memory capacity 
of previous FPS products, the 
FPS-5000 Series provides comput- 
ing for applications that exceed 
their present system’s capability. 

The FPS-5000 Series offers fast, 
accurate, flexible computing for 
the most demanding real-time, 
user-interactive, and production- 
oriented applications. 

Four basic product groups 
make up the new FPS-5000 Series: 
the 5100, 5200, 5300 and 5400. 
Peak performances range from 26 
million floating-point operations 
per second (MFLOP), to 62 
MFLOP. Data memory of 0.5M to 
1M words is available along with 
program memory to 32K words. 

By combining a distributed 
architecture concept with the 
latest VLSI technology, the 


Typical performance examples of geophysical, medical imaging and 
signal/image processing applications. 


Application Example AP-120B FPS-5410 5420 5430 

1. Demodulation/Signal 13.8 msec. 6.5 msec. N/A N/A 
Analysis 

2. Tomography Preprocessing 60 sec 25 sec. 16sec. 12 sec. 

3. Multispectral Image Classification 49 sec. 25 sec. 13.3 sec. 10.5 sec. 
(512 x §12 pixels 8 Bands, 4 classes) 

4. 2D FFT 3.4sec. 1.4 sec. .7 sec. 5sec. 
(512 x 512 complex) 

5. Matrix Multiply 439 msec. 177 msec. 96 msec. 71 msec. 
(100 x 100) 


Based upon specifications subject to change. 


FPS-5000 Series sets a new stan- 
dard for cost-effective computing, 
breaking the $2,000 per MFLOP* 
barrier—the first time this has 
been achieved in any floating- 
point computing system. 


*Based on U.S. Domestic Prices 


Arithmetic Coprocessors. Data 
flow is simultaneously managed 
FPS-5000 Series Architecture 


<a—# disk, display... 
. A/D, O/A, 


Distributed processing 
architecture 

The FPS-5000 Series is 
a distributed processing 
system that maximizes 
throughput by allocating 
the computational load to 
a set of high-performance, 
independent, floating- 


point processing elements called 


mtroduces the first 
the $2,000/MFLOP barrier. 


by a combination of 
independent I/O Pro- 
cessors and the central 
Control Processor. 

Each Arithmetic 
Coprocessor, with 
synchronous architec- 
ture to allow simple 
application debugging, 
functions as a self- 
contained unit. 

The new Multiple 
Array Processor 
Execution Language 
(MAXL), based upon 
FORTRAN 77, allows the user to 
construct an integrated system 
environment which can be tuned 
to application requirements. 

Increased performance can be 
achieved by adding Arithmetic 
Coprocessors as a field-install- 
able upgrade as the user’s 
requirements evolve. 


Compatibility 

The FPS-5000 Series maintains 
software compatibility with pre- 
vious FPS 38-bit processors and is 
supported on a range of host 
computers. Thus, the See 


2 


Hi | 


al 


[han ¢%(7))] 


software support developed for 
FPS-100 and AP-120B products is 
maintained and users are able to 
move existing applications onto 
the FPS-5000 Series with minimal 
effort. 


Quality and Reliability 


The FPS-5000 Series was 
designed and built with the same 
quality standards inherent in all of 
the previous Floating Point 
Systems products—standards 
that have earned those products a 
reputation for unprecedented 
reliability and one of the best 
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meantime between failure (MTBF) 
rates in the industry. 

The Series is backed by the 
same outstanding worldwide 
support services that distinguish 
Floating Point Systems from other 
manufacturers. 

For more information about 
how the FPS-5000 can be used in 
your specific application, call (800) 
547-1445 or your local sales office. 


The world leader in array processors. 


FLOATING POINT 
» SYSTEMS, INC. 
RO. Box 23489 
Portland, OR 97223 
503) 641-3 


151 
LX: 360470 FLOATPOIN BEAV 


Hh Sales and Service Worldwide. 

: CA Laguna Hills, Los Angeles, Mountain View. 
co Lakewood. CT Simsbury, FL Winter Park. ey Atlanta 
IL ay: LA New Orleans. MD Rockvi 
MA Dedham. NJ Red Bank. NM Corrales PA Shtadelphia 
TX Grand Prairie, Houston. WA Bellevue 
INTERNATIONAL: Canada, Calgary, Montreal, Ottawa; 
England, Bracknell, Berkshire; France, Rungis; Japan, 
Tokyo; Netherlands, Gouda; West Germany, Haar. 


re at Australia and New Zealand, Milsons 
N.S.W., Melbourne-Victoria (lechway Py., Ltd.); 
ewe Vienna (Othmar Lackner, Elektronische 
Bauelemente Und Gerdate); Denmark, Valby (BLT 
Agenturer A/S); Finland, Helsinki (OY Emmett AB); 
India, Bombay (Hinditron Computers PVT, Ltd.); Israel, 
Tel Aviv (Eastronics, Ltd.); Korea, Seoul (World Business 
Machine, Inc.); Singapore, Hong Kong, Brunei, 
Indonesia, and Malaysia (Scientek Engineering Co); 
Southern Africa, Johannesburg (Anker Data Systems); 
Sweden and Norway, Voxholm (Ire Konsulter AB); 
Taiwan, Taipei (Scientek Corporation). 


© Floating Point Systems, Inc. 1983 
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"DEPENDABILITY 


@ FLEXIBILITY 


Monolithic Systems Corporation has always been As the leading innovator in Multibus products, 
synonymous with Multibus technology. In fact, MSC Monolithic Systems offers a family of systems intended 
has the distinction of having designed the first to do things never done before. Systems to assist and 
patented single board computer. Other firsts include: create test programs for the scientific and industrial 
the first use of 64K RAM elements, on-board EPROMS, markets, to be multi-user and multi-tasking, to be 
floppy disk controllers, APU’s, user selectable expandable, rugged and reliable beyond anyone's 
addressing and multimaster CPU configurations. expectations. Available with operating systems by 
These board level accomplishments have benefited Digital Research, the MSC 8800 series and board level 
OEM's for over 12 years and have culminated into a products will be prominent factors in Multibus 
powerful line of systems, the MSC 8800 series. applications now and in the future. 


For more information about Monolithic Systems Corporation and its Multibus product line 
call Toll Free 1-800-525-7661. 


OW Monolithic 
corp. ... means technically advanced solutions. 


USA EUROPE CANADA 
84 INVERNESS CIRCLE EAST JUSTINIANSTRASSE 22 6503 NORTHAM DRIVE 
ENGLEWOOD 6000 FRANKFURT aM MAIN 1 MISSISSAUGA 
COLORADO 80112 WEST GERMANY ONTARIO, CANADA L4V |J2 
303-770-7400 611590061 416-678-1500 
TELEX: 45-4498 TELEX: 41-4561 TELEX: 96-8769 


/:iievessetitt te 


®@ 8-bit 4 and 6 MHz Processors ®@ 16- and 24-bit Address Recognition 
® 16-bit 8 MHz Processors ® Optional APUs 
@ On-Board ROM, RAM and I/O ® Multi-Master Control Logic 


*Multibus is a registered trademark of Inte! Corporation Circle #60 for Multibus Products Plus Brochure 
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IMPROVING 


MASS STORAGE 


ATA INTEGRITY 


Designers can do a lot to improve the reliability of the data 
being read from Winchester disks and other mass storage 
media. In fact, they should be doing more. 


by Max Roth 


Mass storage performance and reliability are tied to 
data integrity. However, even with error correction 
schemes, many recoverable errors impede through- 
put. Lost data affect performance even more 
dramatically. As 5%” Winchester drive capacities 
and bit and track density increase, the read channel 
must be enhanced to maintain acceptable disk drive 
error rates. 

Primarily, acceptable disk drive error rates are 
determined (somewhat arbitrarily) by disk technol- 
ogy rather than by predefined system require- 
ments. Most 5%” Winchester products support 
error rates of 1 in 10! bits for recoverable (soft) 
errors. For nonrecoverable (hard) errors, 1 in 10!2 
bits is the norm. By definition, soft errors are 
recoverable by multiple read retries and therefore 
do not necessarily affect data reliability. Excessive 


Max Roth is a member of the technical staff at Vertex 
Peripherals Corp, 2150 Bering Dr, San Jose, CA 
95131, where he is responsible for read/write channel 
and spindle motor control. Mr Roth holds a BS from 
the Technion Institute of Technology, Haifa, Israel. 


soft errors, however, may degrade throughput 
because of multiple read retries. Nonrecoverable 
hard errors occur primarily as a result of defects in 
a disk’s recording surface. 

Data integrity can be maintained two ways. 
First, the system designer can maintain low error 
rates by using error correction code (ECC). ECC 
solutions vary dramatically in terms of redundancy 
required, correction capability, and miscorrection 
errors. Both hard and soft errors are correctable 
with ECC. However, it should not be used to cor- 
rect soft errors where a particular code’s miscorrec- 
tion is greater than the probability of recovery 
from multiple read retries. On the other hand, ECC 
does offer significant data reliability improvement 
for detecting and correcting hard errors. Histori- 
cally, though, few system designers have accepted 
the responsibility of maintaining data integrity. 

Relying on disk drive manufacturers to assure 
low error rates is the second and traditional way to 
maintain data integrity. But many in the computer 
industry believe that disk drive manufacturers are 
unnecessarily carrying the primary burden for 
maintaining disk system data reliability. By pro- 
viding nearly perfect disk media and sophisticated 
read/write (R/W) channels, disk manufacturers 
have maintained very low disk drive error rates. 
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System reliability could easily be maintained if 
the controller manufacturers/designers improve 
their own error correction schemes by using greater 
redundancy. They could also improve reliability by 
selecting ECC codes that increase correction capa- 
bility while minimizing miscorrection. This would 
even be true with a significant increase in raw disk 
drive error rates. In any case, system manufac- 
turers should implement ECC to guard against error 
rate variations among disk drives. 

While system designers continue to rely on disk 
drive manufacturers to provide low error rates, the 
manufacturers must maintain these low error rates 
by using nearly perfect recording surfaces and a 
capable read channel. It is worth noting that data 
separation is an important read channel function. 
This feature is implemented in the disk controller 
for present 54%” Winchester disk drives. Because 
the data separator’s performance can contribute to 
data errors, future interface standards are incorpo- 
rating data separation in the disk drive electronics 
rather than in the controller. This places full 
responsibility for data integrity on the disk drive 
manufacturer. 


Causes of data errors 

A data bit from the disk drive must be detected 
within a fixed length of time, known as the decision 
window. The data transfer rate and the encoding 
scheme determine the duration of the decision win- 
dow. In the case of standard 5%” Winchester 


drives, using a 5M-bps data transfer rate and mod- 
ified frequency modulation (MFM) encoding, the 
decision window is 100 ns wide. Any bit undetected 
within this time period is considered an error. 

In the ideal world where there is no interference 
and no noise, all data bits are centered within the 
decision window and no data errors occur. If inter- 
symbol interference (pulse interaction) is con- 
sidered, a bit shift or jitter occurs (no pulses are 
exactly centered but all are within the decision 
window). The amount of bit shift can be deter- 
mined by superimposing adjacent bits. This 
amount is primarily a function of the encoding 
scheme used. 

Noise and jitter intrinsic to the data separator 
also induce bit shift. Noise includes media head 
and electronic noise, overwrite modulation, and 
adjacent track interference caused by misposition 
of the read head in the data track. The result is a bit 
distribution superimposed on the bit shift due to 
pulse interaction. Mathematically, the bit shift 
(J =bit shift jitter) can be expressed as 
Jo = Xj+X2+X3+Xq 
where 
X 1 = zero-crossing jitter caused by noise 
intersymbol interference 
data separator window Jitter 
X4 = mispositioning jitter 

The nominal value of J is zero, as in the ideal 
case. Deviation from nominal is due to the vari- 
ables X1, X2, X3, and X4. These variables have 


Just what is ECC? 


by Neal Glover 
Data Systems Technology 


Error correction code (ECC) allows data to be accu- 
rately reconstructed from encoded data that contain 
errors. These codes are used in computer and com- 
munication systems to increase data storage and 
transmission integrity. 

An encoded data record typically contains a data 
segment that is identical to the raw data, and a 
redundant segment that is generated from the raw 
data by a generator polynomial. Dividing the encoded 
data by the generator polynomial is the first step in 
decoding. Data are assumed to be error free only if 
the remainder is zero. Usually, a nonzero remainder 
has enough information to allow the accurate recon- 
struction of the original data, provided that errors 
within the encoded record do not exceed the capability 
of the code being used. 

ECC has guaranteed correction and detection abili- 
ties. Errors that exceed a code’s guaranteed correction 
and detection capacities are subject to miscorrection. 
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Miscorrection probability is a function of record 
length, correction ability, and redundancy. If some 
error types are more probable than others, polynomial 
selection can influence miscorrection probability. 
Historically, most magnetic disk controllers have 
used single-burst correcting codes. Most of these 
controllers use reread to recover from temporary 
errors, and error correction to recover from hard 
errors. This technique maintains data accuracy with 
codes that use only a modest amount of redundancy. 
Some new controller designs use more redundancy 
to implement more powerful codes, including multiple- 
burst correcting codes. In addition, error-tolerant 
techniques are being used for address marks, sync 
marks, and header information. Multiple-burst cor- 
recting codes and other error-tolerant techniques will 
likely be widely used in future disk controllers due to 
new pushes in disk technology, new defect philoso- 
phies, and the lower cost of large scale integration. 


How the Plastics Fanatics lower 
the ceiling on housing costs. 


When tight deadlines and tighter profit margins put the pinch on you and 
your electronic enclosure costs, no one can help ease the squeeze quite like 
an American Hoechst service technician. Here’s why. 
First, he’s part of an experienced team of specialists that has worked 
closely with the electronics industry in developing a total family of American 
Hoechst V-O polystyrenes to solve a wide range of enclosure design and 
processing problems. 
i He also knows what it takes to fill your complete needs when it 
7 comes to modified, high impact polystyrenes that will give you the durabil- 
ity, heat and creep resistance, color stability and finish characteristics you 
need—without costly overengineering! He’s familiar, too, with all the ins and 
outs of agency classifications including U.L., IEC, CSA, VDE and others. 
Why not give the American Hoechst Plastics Fanatics an opportu- 
. nity to show you what they can do to help bring your electronic enclosure 
x i* in on target in terms of time, costs and performance. Circle the reader 
ie et, service number and we'll mail you our free V-O polystyrene brochure 
ts 5 . and a special design evaluation form. American Hoechst,289 North Main 
ae , . Street, Leominster, MA 01453. 
SA ges ? We’re the Plastics Fanatics.” 


American Hoechst Corporation 


eee vos HDPE/Polystyrene/EPS/UHMW Polymer 


CER AO Hoechst 
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ERROR PULSE INTERACTION INDUCED 


RATE BIT SHIFT REGION 
1 ERROR IN 109 
BITS 


NOISE INDUCED 
BIT SHIFT REGION 


WINDOW 
MARGIN 


Fig 1 A marginal variable frequency oscillator (MvFO) plot 
is useful in determining error rate and margin information. 
The bit shift’s relation to error rates and time is plotted with 
the goal of optimizing window margin (T,,) times. 


mean value n (equal zero) and a symmetrical (with 
respect to n) probability density function (PDF). In 
most cases, the PDF can be approximated by a 
Gaussian distribution. 

If the total bit shift jitter, J, is to satisfy a strin- 
gent requirement, the same holds for variables Xj, 
X2, etc. A practical measure for the total jitter 
would be the variance of this function as derived 
from the variance of the variables. 

Assuming that the input variables are not corre- 
lated and are normally distributed, the PDF for J 
will be a normal distribution. Since a read error 
occurs any time the zero-crossing or bit detection is 
outside the decision window, the probability of 
making an error is the area from a time (Ty) to 
infinity if the PDF of the zero-crossing jitter is 
Gaussian. (See the Bibliography for publications 
that support this assumption.) 

If the decision window is varied, the number of 
errors will also vary. Errors can easily be plotted 
against variable decision window time. If the log of 
errors is plotted against a variable decision win- 
dow, however, the resultant curve is referred to as 
a marginal variable frequency oscillator (MVFO) 
plot (Fig 1). 

MVFO gets its name from the technique of vary- 
ing the data separator window or decision window 
by marginal control of the data separator’s clock 
frequency. Test equipment can plot MVFO curves 
for disk drives. The MVFO plot in Fig 1 shows the 
relative bit shift induced by both pulse interaction 
and noise. 

Error rates are essentially 100% when the deci- 
sion window is reduced to less than the bit shift 
time induced by pulse interaction. The intrinsic 
error rate is the best error rate achieved when using 
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the maximum available decision window. By re- 
ducing the decision window until the acceptable 
error rate is measured, a window margin factor can 
be obtained. Note that any chosen acceptable error 
rate must be higher than the read channel’s intrinsic 
error rate. An MVFO plot can be generated for any 
disk drive. It is also a useful tool in characterizing 
error-rate performance. 

If data rates are fixed, as in present 544” Win- 
chesters, then higher track density achieves 
increased capacity. Thermal expansion between 
servo surface and data surfaces, bearing noise (re- 
ferred to as ‘‘nonservoable’’ mechanical errors), 
and servo tracking errors limit track density. The 
density of recently introduced 5%" Winchesters is 
approximately 1000 tpi, as opposed to 300 to 400 tpi 
in low capacity drives. 

Ontrack and offtrack adjacent interference are 
primary contributors to the bit shift noise compo- 
nent. Fig 2 illustrates the ontrack and offtrack 
interference mechanism. Offtrack interference [Fig 
2(a)] is due to signal noise picked up by the R/W 
head from the adjacent track as a result of head-to- 
track misposition. Ontrack interference [Fig 2(b)] 


TRACK n—1 


TRACK n 


TRACK n+1 


OFFTRACK 
(a) 


PREVIOUSLY WRITTEN DATA 


(b) 


Fig 2 Two types of interference plague read heads. 
Offtrack interference (a) is caused by the pickup of 
adjacent track data. Ontrack interference (b) is caused by 
previously recorded information that was not precisely 
centered on track. 


MORE HIGH PERFORMANCE | 
IMFIRE” 50 SMD DISK C 


RIMFIRE 50, Intelligent 
MULTIBUS* CONTROLLER for 
SMD-Compatible disk drives. 

© Programmable sector sizes 

e 24 bit DMA 

¢ High-speed disc interface 


© 1:1 Interleave 
CIPRICO, INC. © 48 bit ECC 


ormerly Computer Products Corp. , an _and much, much more! 


E405 Annapolis Lane 
Plymouth, MN 55441 


Phone: [612] 559-2034 * Multibus is a registered trademark of the Intel Corporation. 


Fig 3. Low capacity Winchester read 
circuitry gets by with a minimum of 
components. After amplification, 
filtering, and differentiation, the signal 


is fed to a zero-crossing detector. The 
resultant output corresponds to signal 
peaks. 


is due to noise picked up from previously written 
data on the same track, where the overwrite was 
not precisely centered. The read channel must 
accommodate approximately 12% misposition of 
head to track to maintain an acceptable error rate. 
It is up to the disk drive mechanical and servo 
systems to ensure that head to track misposition is 
maintained at less than 12% of track pitch. 


A read channel rationale 

In simple form, a drive’s read channel amplifies 
the signal emanating from the magnetic read heads. 
However, read channels are becoming increasingly 
complex and vital to data reliability as 544" Win- 
chesters grow in capacity and performance. Today’s 
high capacity drives operate at up to 960 tpi. They 
use much less signal energy and have higher noise 
interference susceptibility. For example, the Vertex 
V100 series generates a signal of 0.4 to 0.8 mV peak 
to peak, versus 2 to 5 mV for a typical low capacity 
drive. 

Obviously, read channel design becomes mor’? 
critical in the higher capacity unit. In addition, 
many high capacity drives operate with varied 
encoding schemes, such as run length limited 
(RLL). These schemes are more efficient, but they 
also require greater bandwidth than MFM en- 
coding. Unfortunately, greater bandwidth chan- 
nels are more susceptible to noise. 

Fig 3 illustrates a typical low capacity 5%" Win- 
chester read channel control circuit. The readback 
signal picked up by the head is amplified and then 
differentiated after it is filtered by the low pass 
filter. The zero-crossing detector output corre- 
sponds to the readback signal peaks. In the high 
resolution case, false detection can occur due to a 
droop in the differentiated signal. A time domain 
filter solves the problem by ignoring those pulses. 
However, this solution is sensitive to the encoding 
scheme used. 

To achieve low error rates and allow flexible selec- 
tion of recording codes, several circuit elements 
can be incorporated into modern Winchester hard- 
ware. Signal preamplifiers located on the actuator 
arm, near the R/W heads, improve the signal-to- 
noise ratio by amplifying the signal before additive 
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noise is introduced. Automatic gain control (AGC) 
compensates for variations in head signal ampli- 
tude. These variations are caused by normal varia- 
tions in head flying height and differences in the 
efficiency of media and heads. Signal qualifier cir- 
cuits ensure accurate data detection. 

The signal qualifier circuit couples a peak detec- 
tor with a zero-crossing detector. The peak detec- 
tor accurately determines the position of the peaks 
in the time domain. By correlating those peaks with 
the zero-crossing detector output, the pulses that 
are caused by noise can be rejected. As the fre- 
quency span of the recording code is enlarged, the 
probability of false zero-crossing detection 
becomes higher. 

While the MFM frequency ratio is 1:2, it can be as 
high as 1:4 in some RLL codes. Therefore, a peak 
detector scheme is less code dependent than a time 
domain filter. Fig 4 illustrates the qualifier circuit’s 
effectiveness and shows an actual signal from the 
R/W head after preamplification. The differen- 
tiated signal shows significant deflections near the 
zero crossing. 

If a zero-crossing detector circuit is used without 
signal qualification, the resultant data out are not 
usable. With signal qualification, nondata induced 
zero-crossing pulses are eliminated, leaving usable 
data out. Although these circuit elements are not 
generally found in low capacity 544” Winchesters, 


SIGNAL FROM R/W HEAD— 


DIFFERENTIATED SIGNAL— 


ZERO-CROSSING DATA OUT— 


DATA OUT AFTER QUALIFICATION — 


Fig 4 By eliminating false zero-crossing frequency 
components, reliable data are ensured. 


ESCAPE FROM 


apeCney disks, you ow the available alternatives 
haven't been too attractive. . 
Until Megalape came along. 
The inexpensive, book-sized MegaTape cartridge 
stores 330 megabytes in both streaming and 
start/stop modes. And unlike the 8 reels 
of conventional 9-track tape it replaces, 
it gives you 30-second average access 
to any file in the cartridge. 
Best of all, the compact Megalape 
drive costs under $3,000 in OEM 
quantities, and uses standard 
controllers. And the design 
is so elegantly simple, reli- 
ability is outstanding. It’s 
fast becoming the new 
industry standard for 
high-capacity backup. 
So if you’re looking 
for an escape from 
all the problems of 
the reel world, call 
Megatape today. 
We'll show you the 
easy way out. 


Call Gary Webb, Vice President, 
Marketing at (213) 357-9921 


Megatape Corporation, PO. Box 317 
1041 Hamilton Road, Duarte, CA 91010-0317 


Qeecdape 


The great leap forward in backup. 
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R/W HEADS 


Fig 5 Vertex’s high capacity Winchester R/w control takes an equalized signal output of the AGC amplifier and 
differentiates, filters, and digitizes it. A peak follower circuit processes this signal and, in conjunction with a 


zero-crossing detector, generates read data. 


they are common in high capacity, high perfor- 
mance disk drives such as the IBM 3380. 

The control block diagram of the V100 series read 
channel incorporates the elements described (Fig 5). 
In the V100 read channel, a preamp located close to 
the head itself amplifies the head signal. The ampli- 
fied signal is applied to the read preamp via a bal- 
anced transmission line. After amplification, an 
equalizer modifies the signal spectrum. An AGC 
amplifier holds the signal at a constant amplitude 
to allow for head output variation and amplifier 
tolerances. AGC amp output is differentiated, fil- 
tered, and digitized by the zero-crossing detector. 
Then, after qualification by the peak follower, 
these data are available for reading. 

Sophisticated read channel implementations will 
become increasingly important as 54” Winchester 
drive capacity and performance increase. Track 
and bit densities will continue to rise with improve- 
ments in magnetic head and media technologies. 
New encoding schemes and higher transfer rates 
will further enhance 54 ” drive performance. How- 
ever, read channel implementation will make or 
break small drive data reliability in the near term, 
by amplifying and accurately differentiating the 
signal from the drive’s R/W heads. The exceptions 
will occur when controller manufacturers take on 
an enlarged responsibility for implementing ECC. 

In the foreseeable future, 5%” drives will use 
enhanced equalization along with the ability to 
modify particular frequencies of the readback sig- 
nal spectrum. This capability is essential to vertical 
recording schemes. Adaptive filtering will also be 
implemented using a microprocessor to change the 


114 COMPUTER DESIGN/October 1983 


bandwidth of a channel as a function of the head’s 
position on the disk. Finally, enhanced signal pro- 
cessing, using correlation techniques adapted from 
radar technology, will allow accurate processing of 
signals in even worst-case signal-to-noise conditions. 
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ANNOUNCING 
Test System 


The Only 


With THREE Personalities 


¢ Disk Drive Manufacturers 
¢ Computer Manufacturers 
e System Integrators 


Applied Circuit Technology's 
UTS-Unit Test Station provides you 
with the expandability and sheer 
number of test slots to maximize your 
test room throughput while breaking 
the test room bottleneck. Each UTS 
comes configured to test 4 devices 
simultaneously. The optional 
networking capability allows the UTS 
to link up to 8 systems together ina 
master/slave configuration, providing 
simultaneous testing of up to 32 
devices. The UTS’ industry-leading 
design and electronics provide the 
power to perform any level of test 
‘required; therefore, insuring the 
performance and reliability of any 
rotating memory device. The UTS 
combines the highest degree of 
correlation of test results from slot to 
slot and system to system, and a 
detailed test data sheet with floppy 
back-up for archival purposes. The 
exclusive versatility of the UTS system 
will provide your testroom with a 
productive, useful tool. 
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e Final Production Test. - 
» Receiving Test 
¢ Engineering Development 


Disk drive manufacturers can use the 
UTS to insure the throughput to make 
shipments while assuring final 
production reliability. Computer 
manufacturers and system integrators 
can use the UTS to insure drive and 
interface performance on incoming 
devices before they get into the 
production line, keeping productivity 
high. Engineering departments can use 
the UTS to test and verify prototype 
designs and to troubleshoot failed 
production units. Overall flexibility 
and portability (it’s caster mounted) 
will make the UTS the most sought 
after test system in your company. 
Since the UTS is totally software- 
driven, applications can be changed in 
the time it takes to call up a new 
program. With the UTS’ built-in 10 
megabyte Winchester drive, the 
process is quick and easy. The UTS’ 
ability to provide both hardcopy and 
floppy test results allows you to track 
and analyze failures. 


° Hard Dis 
¢ Floppy Disk 
¢ Tape Devices 


By means of a simple board change, 
the UTS employs all of its power and 
flexibility to test any hard disk, floppy 
disk or tape device, regardless of 
interface, storage capacity or transfer 
rate. Applied Circuit Technology’s 
systems today test more than 2,000 
54” Winchester drives daily. They 
have greatly contributed to an 
under-3% return rate for manufactur- 
ers, and are quickly becoming the 
industry standard for rotating memory 
device test. The UTS system has no 
planned obsolescence. . . its three (or 
should we say nine) personalities allow 
the system to expand and fill the needs 
of your production, receiving or 
engineering departments with 
maximum efficiency and minimum 
conversion time. The UTS is 
competitively priced while providing 
features the competition can’t touch. 
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2931 La Jolla St., Anaheim, CA 92806 
(714) 632-9230 


Achieve the Standard with Applied Circuit Technology’s UTS—The Only System with Three (nine) Personalities. 
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PPC" Redefines Value 


Vindicator™ Series Streaming Tape Drives from PPC 
Start/Stop and Streamer Performance Without Cache Memory 


@ Start/Stop performance with fixed extended gap 9600 Irondale Avenue 
@ Selectable extended gap in streamer mode maximizes Chatsworth, CA 
throughput and capacity 213-882-0030 
c TWX 910-494-2093 

@ Industry compatible 9-track PE, ANSI and IBM standard 
format Pertec International 


10 Portman Road 


@ Industry standard Pertec® formatter interface : 
ry : ; Reading, Berkshire RG3 1DU 
@ Front insertable, autoload with automatic hub lock for England 
operator convenience 44 734-591441 


@ Front panel programmable multi-level diagnostics 
@ Choose from 1600 or 3200 cpi only, or 1600/3200 cpi 
@ Capacities of 46 or 92 Mb (unformatted) 


And behind all these features is Pertec Peripherals Corporation 
with the largest installed tape drive base worldwide. We back 
you up all the way with before- and after-sale support, and 
reliability that is part of the Pertec tradition. 
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GETTING THE BEST 
OF BOTH BUSES 


Building an interface that links the potent VERSAbus to the 
popular Unibus forces designers to consider trade-offs 


carefully. 


by Roger R. Russ 


One of the most salient characteristics of the com- 
puter industry is the relentless advance of its 
technology. Hardware size shrinks, cost per bit 
plummets, computing power explodes, and overall 
performance soars. This rapid evolution presents 
the industry with unique problems, and designers 
with difficult choices. Often a choice must be made 
between a product exhibiting high performance but 
little support and another boasting excellent sup- 
port but less than state-of-the-art technology. 

A central architectural feature of most advanced 
computers is some kind of data transfer bus. And, 
each type of bus has a specified number of data bits, 
an address range, and control signals defining its 
acquisition and use of protocols. Each system 
element—the central processing unit (CPU), 
memory, and input/output (I/O) devices—must 
interface with the data transfer bus. Hypothetically, 
an interface between two different data transfer 
buses could link a high performance bus to a widely 
supported product, giving designers the best of 
both worlds. 


Roger R. Russ is currently a senior technical 

staff member at ACC (Advanced Computer 
Communications), 720 Santa Barbara St, Santa 
Barbara, CA 93101, where he is responsible for 
hardware-related design and development. Mr Russ 
holds a BS in physics from Harvey Mudd College. 


In such a scheme, a lower performance host can 
offload time-consuming tasks to a high perfor- 
mance microprocessor. This can free host CPU 
resources and increase overall performance. In 
addition, this approach allows dedicated micro- 
processors to perform mundane data processing, 
networking, or other computational chores. A 
system integrator working with a developed prod- 
uct can also take advantage of such a bus interface 
for development purposes by allowing new 
technology to be incorporated in an existing 
system. Development efforts using entirely new 
technology also have uses for such a hybrid inter- 
face. In this case, the designers latest brainchild 
can be structured with an interface to another bus 
to take advantage of a wider range of I/O devices, 
software, or product support. 
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A system configuration encompassing two dif- 
ferent levels of performance is depicted in Fig 1. 
Here, each bus has its own CPU, memory, and I/O 
devices. Each bus also has its own rules for arbitra- 
tion, use, data path width, and address range. The 
problems involved in the design of an interface for 
such a system revolve around the differences in 
these parameters. Differences in data path width or 
address bits point to relatively straightforward 
design solutions. However, the differences in con- 
trol structures pose more difficult problems. 

The UNI/VERS concept is an example of an inter- 
face linking two dissimilar buses. This interface pro- 
vides a link between the Digital Equipment Corp 
Unibus and the more recent Motorola VERSAbus. 
The Unibus and VERSAbus share a common 
philosophy. Both are asynchronous, and both 
follow similar rules for direct memory access (DMA) 
and interrupt cycles. Despite this similarity, there 
are considerable differences in implementation and 
performance. The Table, ‘‘Bus Comparison,”’ pre- 
sents a comparison of chief bus parameters. These 
parameters exert considerable influence over the 
design of the UNI/VERS interface. 

Briefly, the data widths are the same (although 
the VERSAbus is expandable to 32 bits). The ad- 
dress range of the VERSAbus is much larger than 
that of the Unibus—16M bytes as opposed to 256K 
bytes. The style of bus acquisition is similar between 
the two buses, with the exception that the VERSAbus 
provides five levels of bus requests and grants, while 
the Unibus has only a single level. Data transfer 
control is accomplished in a like manner on both 
buses, with master strobes and slave responses. 

Though the similarities are many, the actual 
details of data transfer differ substantially. In addi- 
tion, the VERSAbus master strobes include separate 
address and data byte strobes. Parity is available on 
the VERSAbus for each data byte, as is address par- 
ity. Multiple interrupt levels are available on both 
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Fig 1 The generic bus interface strategy involves providing 
common, as well as specific, hardware resources to each 
bus. Control problems pose the greatest threat to such a 
system, especially when bus performance differs markedly. 
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Parameter Unibus VERSAbus 
Address A(OO-17) A(01-24) 

Data D(OO0-15) D(O0-15) 

Bus acquisition 

control 

Requests NPR BR(O-4) 

Grants NPG BG(0-4) IN/OUT 


BBSY 


BCLR, BREL 
Bus transfer 
control 
Master strobes MSYN AS, DS(0-1) 
Slave strobes SSYN DTACK, BERR 
Parity PA, PB DPARITY(O-1), DPVAL 
APARITY(O-1), APVAL 
Control bits C(0-1) LWORD, WRITE 
Interrupts BR(O-4) IRQ(1-7) 
BG(0-4) 
ACKIN/OUT ACKIN/OUT, A(01-03) 


Utilities 
Reset 


INIT SYSRESET 


Power monitor ACLO, DCLO ACFAIL 

Other utilities ACCLK, SYSCLK 
SYSFAIL, TEST(O-1) 

Deskewing time 150 ns 20 ns 


buses, with seven levels on the VERSAbus and four 
on the Unibus. Finally, deskewing time is typically 
150 ns on the Unibus and 20 ns on the VERSAbus.!>2 


Making design choices 

These bus characteristics dictated several design 
criteria and strategies. The first was the memory 
mapping of the Unibus’s entire address range onto 
the VERSAbus. The reason for this is the VERSAbus’s 
much larger address range. This decision has several 
operational consequences. Primarily, it makes any 
Unibus cell appear to be a normal memory location 
from the point of view of any VERSAbus master. 
Since both buses are asynchronous, transfers merely 
take longer. 

The UNI/VERS may be thought of primarily as a 
DMA device that does memory to memory block 
moves on the VERSAbus. In DMA mode, the 
UNI/VERS is master on each bus in succession. 
Since the Unibus is memory mapped, VERSAbus to 
Unibus moves are merely moves to specific addresses. 
From the point of view of a VERSAbus program, 
there is nothing unique about Unibus accesses. 

DMA transfers are not the only mode that the in- 
terface can assume. The UNI/VERS can also assume 
the transparent mode, allowing any VERSAbus 
master direct access the Unibus. In this mode, the 
UNI/VERS acts as a slave on the VERSAbus and a 
master on the Unibus. Transparent mode has no 


restrictions. It can even occur during a DMA block 
move. In addition, the transparent mode cycle can 
be interleaved with DMA cycles. 

Memory mapping the Unibus places most of the 
control information on the VERSAbus side of the 
interface. Individual cycles are always generated 
from the UNI/VERS VERSAbus board (V-board). 
Thus, the relationship between the two boards in 
the interface can be thought of as a master/slave 
relationship. The UNI/VERS Unibus board 
(U-board) is always the slave within the interface, 
even though it is a Unibus master in DMA and 
transparent modes. 

The interface is neither symmetrical in design or 
operation, nor is there a method for a Unibus 
master to directly access a VERSAbus cell. This 
situation led to another design choice that 
facilitates initiation of DMA moves by the Unibus 
CPU. A set of 16 dual-ported I/O registers reside in 
the interface for process to process communication. 
There are 15 user definable, soft registers, and 1 
predefined register. These communication registers 
occupy user selectable I/O addresses on each bus and 
can support a variety of user defined protocols. 

Hence, from the Unibus software’s standpoint, 
the UNI/VERS system can appear to be a normal 
DMA device. The Unibus process can load address, 
block length, and status information into the com- 
munication registers. Then, by setting a bit in the 
first register, the Unibus process can interrupt the 
VERSAbus process. The interrupt handler on the 
VERSAbus can then read the communication 
registers, set up the DMA controller on the 
V-board, and initiate the transfer. 

The protocol employed causes the UNI/VERS to 
appear to be a multiple asynchronous DMA device 
on the Unibus. The Unibus CPU places parameters 
into the communication registers and interrupts the 
VERSAbus processor. The VERSAbus processor will 
send status signals indicating the information has 
been accepted. Later, it will interrupt the Unibus 
again with completion status signals. However, 
between these two interrupts, the Unibus may send 
new DMA parameters, and multiple DMA moves 
may be pending at the same time. 

Other protocols can be supported as well, in- 
cluding synchronous protocols or simulations of 
standard Unibus DMA devices. Note that, although 
the hardware implies a master/slave relationship be- 
tween the VERSAbus and the Unibus, the UNI/VERS 
system appears to be a standard DMA device on the 
Unibus from the software’s point of view. 


Interrupts and controller implementation 

Another design decision follows from the use of 
the communication registers. This is the ability of 
either CPU to interrupt the other. The first com- 
munication register contains bits that, when set, 


cause an interrupt. There are 2 bits available for 
each processor, and each bit has a unique user 
selectable vector. These interrupts define two 
logical channels. They can be used to simulate a 
DMA channel in each direction, or a parameter ac- 
ceptance and DMA completion interrupt. They can 
also provide dual DMA channels for multiple pro- 
cessors on the VERSAbus, or support for a variety 
of protocols. In this respect, the interrupts are 
completely flexible. 

The next design choice involved DMA controller 
implementation. While a 68000-based DMA con- 
troller is currently available (in sample quantities), 
when UNI/VERS was designed no DMA controller 
was available. As a result, the UNI/VERS DMA con- 
troller was implemented with transistor-transistor 
logic (TTL) registers and counters. The main reason 
for this approach is high throughput. Transfer rates 
on the VERSAbus are much faster than those on the 
Unibus, and TTL offered the best chance of achieving 
these high rates. Consequently, the style of the 
V-board is asynchronous logic composed of registers, 
counters, and gates. The disadvantage of this ap- 
proach is that many TTL packages are used in place 
of what might have been a single 64-pin package. 

Since space is at a premium on any board, the 
style of the DMA controller is simple. The DMA con- 
troller is composed of five registers and has a 
limited set of operating modes. It is also easy to 
program and use. The implementation does achieve 
high transfer rates on the VERSAbus. This has led to 
some interesting applications not originally envi- 
sioned for the interface. For instance, because it 
does VERSAbus to VERSAbus moves so quickly, it 
has been used as a DMA device for block moves on 
the VERSAbus only. 


It is anticipated that the U-board will 
be used in a variety of applications. 


A design consequence of the high speed on the 
VERSAbus is the manner in which cycles on both 
buses are used. Since Unibus memory cycles take 
longer than VERSAbus cycles, each cycle occurs in 
succession. During VERSAbus to Unibus transfers, 
the VERSAbus does not wait for the Unibus cycle to 
complete. Instead, VERSAbus data are read into the 
DMA controller’s data register. At this time, the 
VERSAbus is released if there are any requests 
pending for bus use. Then, a Unibus cycle is re- 
quested, and the transfer takes place after the 
Unibus request is granted. This allows the controller 
to provide bus cycles at the rate of each bus, rather 
than to force a busy-wait state on each bus for both 
cycles. This makes the UNI/VERS a fast VERSAbus 
DMA controller. The UNI/VERS is a release-on- 
request bus master on the VERSAbus and a cycle-at- 
a-time bus master on the Unibus. 
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Fig 2. This UNI/VERS system block 
diagram centers upon the DMA 
controller. Two boards support all 
hardware functions and either bus 
can serve as the master. 
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The UNI/VERS system’s structure is depicted in 
Fig 2. This diagram represents the elements of the 
UNI/VERS from a software perspective; the main 
functional element is the DMA controller. The ini- 
tiation of action occurs by command of a CPU on 
the VERSAbus. This CPU initializes address 
counters, the transfer counter, and the control 
register. Then the ‘‘Go’’ bit is set in the control 
register, enabling the DMA controller. If the 
transfers are from the VERSAbus to the Unibus, the 
controller reads VERSAbus locations and deposits 
the data into its DMA data register. A Unibus cycle 
is then requested, and the cycle takes place under 
the auspices of Unibus control. Transfers continue 
in this manner until the last data element is written 
to the Unibus, causing a completion interrupt to be 
posted on the VERSAbus. The communication 
registers can be reached from either bus via the 
data path depicted in the diagram. The last impor- 
tant element from the perspective of Unibus soft- 
ware is the ability to post interrupts on the Unibus. 


Building the boards 

The V-board contains a rich VERSAbus interface, 
with logic supplied to support VERSAbus slave, 
master, bus requester, and interrupter modules 
(Fig 3). After initialization of the DMA registers, 
the block labeled ‘‘master cycle control’’ is enabled. 
The DMA registers include the DMA control 
register, source address register, destination ad- 
dress register, transfer count register, and data 
register. Each register is attached to an internal 
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18 
ADDRESS 


3-state bus. This bus is used for all slave transac- 
tions with the DMA register, all VERSAbus master 
cycles by the DMA controller, and all transparent 
mode cycles. 

Since this is a multipurpose bus, provisions are 
made for separate control of internal cycle arbitra- 
tion. During DMA cycles, one of the two address 
registers is always the source of the current ad- 
dress. The current cycle is internally recognized to 
be either a source or destination cycle, so the 
proper choice is made in the block labeled ‘‘address 
selection.’’ The address is either driven onto the 
VERSAbus or onto the U-board where it will be 
used on the Unibus. 

Connection between the boards is accomplished 
through a set of differential drivers and receivers, 
in an effort to obtain good noise immunity. The 
particular drivers and receivers chosen have TTL 
3-state outputs. Hence, the differential data inputs 
and outputs are actually a differential 3-state bus. 
This reduces the total number of wires needed for 
the interface cable. 

Further, the choice of differential drivers and 
receivers allows considerable flexibility in cable 
length. The interface is manufactured with a 12’ 
(4-m) cable. This length should be adequate to 
establish a connection between a host computer 
cabinet and an adjacent cabinet or a tabletop. 
Theoretically, it is possible to drive a 4000’ 
(1392-m) cable; however, this has not been tested. 
Cable lengths up to 300’ (91 m) should not greatly 
affect throughput, and 500’ (152-m) cables have 
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single board 
Choosing a Single Board Computer (SBC) computer ...... between the CPU and all that 


isn't easy. First, you've got to make sure 
that the SBC you choose is right for the 
job youre doing now. With enough speed, 
memory and flexibility to do what you want. 
Next, you've got to make sure that you 


doesn’t? 


Multimodule interface, capacity for 128K 


look far enough ahead, because what may bytes of PROM, and Microbar's unique 
have seemed like a simple enough appli- 
cation at the start can grow very quickly. 
Suddenly, you need more speed, more 
memory, and more flexibility. 


Finally, the single board computer = 
you've chosen for one function may be 
called on later to handle completely differ- 
ent tasks as well—not just word processing, 
for instance, but graphics computation, 
communications, process control or 
data base management. 

In other words, the computer that’s at 
the heart of your system must be the right 
choice for now, the right choice as your 
applications grow, and the right choice 
as your applications change. 


Begin with high 

4 performance 

You won't go wrong starting with the power- 
ful Motorola MC68000 microprocessor, 

in 10 or 12 MHz versions, 128K bytes of 
dual-ported on-board memory, the iSBX™ 


iSBX is a trademark of Intel Corporation 
Dual Bus is a trademark of Microbar Systems, Inc. 
XENIX is a trademark of Microsoft Corporation 


Dual Bus™ architecture. That's the basic 
DBC68k2, the K2. 

You'll also get—standard with the K2— 
features such as programmable baud 


rates, two 16-bit timers, two RS232C serial 
ports with asynchronous and synchronous 
protocols, and dynamically-selectable 
byte-swapping and word reversing. 


The K2: The SBC with Add-Ons 

Then add on RAM modules that boost 
on-board memory to 256Kb or 512Kb, 
the SBX-compatible parallel |/O module 
from Microbar, or any of the wide variety 
of available SBX modules. And, you can 
add on your choice of memory manage- 
ment options—either a segment-oriented 
(68451) or 2-level page-oriented MMU. 
That means you can support high perfor- 
mance operating system software such 
as XENIX™ 


The K2: The SBC that also“Adds Off” 
Because of Microbar’s clever use of the 
IEEE 796 bus architecture, you also get 
the advantages of direct high speed com- 
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off-board memory on the P2 connector. 
With data transfer between memory and 
other processors handled on the P1 path. 

Which means you can “add off’—add 
more memory boards that back up the 
K2's on-board memory. Or add other 
SBCs, with their own processors and 
memory, for very high-powered comput- 
ing applications that demand multi-user, 
multi-tasking performance. 


The K2: Versatility that protects 
your decision 
So if you've got the responsibility for 
choosing an SBC that's right for today’s 
and tomorrow's systems, choose 
Microbar's DBC68k2. With its add-on 
and add-off flexibility, and its performance 
versatility, you'll Know the K2's the board 
that will grow as your applications grow. 
Call or write Microbar Systems, Inc. 

1120 San Antonio Rd., Palo Alto, CA 94303, 
415/964-2862, Twx: 910 373 2047 


See Us at WESCON/MINI MICRO WEST 
Booth #’s 5608 & 5610 


77 MICROBAR 
SYSTEMS, INC. 
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Fig 3. The veRSAbus interface (V-board) contains the majority of hardware control circuitry. It features an internal 
3-state bus for communications, and solid-state drivers (TTL) that provide plenty of punch for longer cable runs. 


been tested without data errors occurring. How- trolled by a finite state machine. A state machine is 
ever, in runs over 300’, cable delays are on the used in order to reduce the package count on the 
same order of magnitude as the delay through the board, and the 75-ns state machine clock facilitates 
interface itself. the deskewing time on the Unibus. While this ap- 

Fig 4 shows a block diagram of the U-board. proach is not as time efficient as discrete logic, 
This board is simpler than the V-board and is con- 500k-byte/s throughput can be achieved on the 
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Fig 4 A finite state machine 
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Unibus with this structure. This rate is a practical 
limit on the Unibus for any specific DMA device if 
Unibus saturation is to be avoided. 

Other elements in Fig 4 include the differential 
drivers and receivers for the V-board, the com- 
munication registers, and the actual Unibus inter- 
face circuits. Some decoding must be done on this 
board for communication register accesses from 
the Unibus. This board also contains an internally 
buffered 3-state bus, the BD bus. 

It is anticipated that this interface will be used in 
a variety of applications. Any VERSAbus-based 
system can be easily linked to a host PDP-11, or 
VAX, via the UNI/VERS. Originally, the reason for 
UNI/VERS development was to link a VERSAbus- 
based IBM channel control unit to the Unibus. With 
the existing VERSAbus hardware, this link was easy 
to establish using the UNI/VERS. The entire 
VERSAbus-based system consisted of the IBM inter- 
face, a VERSAbus microprocessor, and 256K bytes 
of random access memory on the VERSAbus. This is 
an intelligent interface meant to establish a vehicle 
for process to process communication on the IBM 
computer. With the addition of the UNI/VERS, the 
IBM interface increased its functionality. The pro- 
cess to process communication now includes pro- 
cesses residing on the Unibus. In the case of a 
PDP-11/34 serving as a network front end for the IBM 


EXTEND THE at 
CAPABILITY OF 
YOUR PC 


370, a powerful interface was created by adding the 
UNI/VERS. 

The company is also developing various network 
and local area network interfaces that are VERSAbus 
boards. Since all these boards have the VERSAbus in 
common, a variety of system configurations and 
attachments can be made. For groups doing micro- 
processor development, this is an important feature. 
With board level products designed for VERSAbus 
attachment proliferating, the development of new 
interfaces and new systems changes the very nature 
of the VERSAbus. Further, the development process 
is not necessarily one of concurrent hardware and 
software progress. Instead, the effort is one of 
software integration with existing hardware. As 
more VERSAbus products are introduced, only the 
software effort needed to achieve integration will 
limit the types of systems possible. 
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DEVELOPMENT INTERFACE 


e Runs Intel Series Ili software on 
a PC, XT or any MS-DOS 
computer. 

e PC/ Series III file transfer 
software included. 

e 100% software compatible with 
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e PCSBC - Upload, download & 
debug target system (Option). 
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MACRO STORAGE FOR MICROS... 


Good ol’ RLO2 has a lot going for it: 10.4 megabytes of removable storage, proven reliability, a massive 
OEM and end-user investment in RLO2-based software. But no upward mobility. The only way to expand 
from micro to macro storage is to add more RLO2 cartridge drives. 


AT THE CUTTING EDGE... 


Enter Emulex and SABRE (Storage And Backup/RLO2 Emulation)— 
at the cutting edge of disk-storage technology. A plug-in-and-play 
storage subsystem that looks like four RLO2 drives to the DEC LSI-11 
through 11/23 PLUS operating systems. But what a difference in hard- 
ware: A single, compact, high-performance 5\%-inch Winchester with 
31.2 megabytes of storage (three RLO2 look-alikes); a removable disk 
cartridge drive, which can do double duty as a systems disk or a source for backup = 
and program loading (one RLO2 look-alike); a single-board host adapter that allows you to add up to five 
additional devices. 
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EIGHT-TO-ONE REDUCTION... 


The host adapter plugs into any standard QBus slot. The balance of the subsystem, including an integral 
power supply, is contained in a single rackmount enclosure that occupies one-eighth the space of four 
DEC RLO2s and requires one-fourth the power. Per-megabyte device and media costs are slashed. Average 
seek time is reduced significantly. 


REMOVABLE CARTRIDGE... 


SABRE’s 8-inch cartridge disk drive features 10 megabytes of fast and easy backup. Media spins in a 
lightweight, removable, easy-to-handle cartridge. With a transfer rate that is up to eight times faster than 
that of a conventional 8-inch floppy, and even faster than a streaming tape cartridge. And this rugged- 
ized drive is more resistant to shock and vibration than any other fixed or removable media disk drive. 
Through the flexible magnetic disk media and the unique design of the drive, users enjoy Winchester-like 
high-performance and reliability. 


EMULEX THINKS SMALL... 


SABRE is a first-of-its-kind subsystem, and a first for Emulex: a complete storage subsystem for micro- 
computers. But not the last. Emulex is thinking small. Soon a wide variety of Emulex-quality host adapters, 
controllers and peripheral packages will be available for small computer systems. Watch this column to 


be among the first to know. 
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EMULEX 


3545 Harbor Blvd., PO. Box 6725, 
Costa Mesa, California 92626, 


Toll-Free (800) 854-7112, In Calif. (714) 662-5600. See us at COMDEX Booth #2030 


See us at DEXPO WEST Booth #512 


GSA Contract #: GS-OOC-03589 ™RLO2, DEC and LSI-11 are trademarks of Digital Equipment Corporation. 
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DESIGNING A PARALLEL 
SIMULA MACHINE 


Modeling hardware architecture along the lines of the Simula 
software language allows designers to exploit the advantages 
of parallel instruction execution. 


by Mike P. Papazoglou, 
Panayiotis |. Georgiadis, and 
Dimitris G. Maritsas 


Simula-67 is a process oriented, general purpose lan- 
guage. It is intended to be a programming tool that 
is particularly suited to complex large scale software 
simulation projects. Such projects are usually char- 
acterized by inherent parallelism reflecting corre- 
sponding activities of the simulated model. This 
parallelism, up to now impossible to exploit in the 
single-processor machine environment, points 
toward multiprocessor architectures. By nature, the 
Simula-67 language’s process structure allows the 
definition of concurrent activities within programs. 
Those activities can be efficiently executed in parallel 
if appropriate hardware is available. 

The parallel Simula machine (PSM) architecture 
is based upon a master/slave topology, incorporating 
a master microprocessor. (The analysis and basic 
software support mechanisms for the PSM have 
already been covered.!,2) Interconnection circuitry 
between the master and slave processor modules uses 
a timesharing system bus and various programmable 
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interrupt control units (PICUs). Common and 
private memory modules reside in the PSM, and 
direct memory access (DMA) transfers ease the 
master processor’s workload. 


Simula’s shape 

The parts of any Simula program modeling a 
discrete event are introduced as classes at the pro- 
gram definition level. At the execution level, these 
classes constitute processes. Any attempt to achieve 
parallelism must focus on successfully coordinating 
control among the various processes within the 
Simula program. Process interaction occurs in one 
of two ways: by interrupting processes in the midst 
of their execution with communication commands 
(ACTIVATE, REACTIVATE, PASSIVATE, CANCEL, 
WAIT, HOLD); or by sharing common variables. 
These variables, which can read or modify more than 
one process, are called system variables. At the pro- 
gram definition level, this type of process interac- 
tion can be identified by a preprocessor software 
module. This module accepts source programs writ- 
ten in Simula as input and generates tables contain- 
ing all static level information. These tables include 
the system variable table (Sv-table) and the class 
template (CT). 

The Sv-table shows the classes (and, therefore, 
the potential processes) that refer to a specific system 
variable (SV,). The CTs provide the action record of 
a particular class, tabulating all communication com- 
mands issued on behalf of this class. They also show 
the chains of classes related on a producer/consumer 
basis. A class is defined as producer (P-class) if it 
alters the environment of other classes. All classes 
affected by at least one P-class are called consumer 
classes (C-classes). Processes originating from cor- 
responding classes are qualified accordingly. 

Precedence relations among the various processes, 
as well as the finite number of processors in a multi- 
processor system, establish requirements evoking 
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runtime action. Precedence relations accrue from an 
event-time attribute inherent in each Simula process. 

To accommodate runtime information, the 2-way 
circular list, or sequencing set (SQS), of a single- 
processor Simula system is extended. This extended 
SQS structure (ESQS) incorporates pointers to the 
various CTs and to a stack area associated with the 
process being executed. The preprocessor output 
tables and the ESQS compose the Simula process 
interaction structure (SPIS), shown in Fig 1. The 
SPIS also shows how the Sv-table and the CTs are 
associated with each other during the execution 
phase of a Simula program. 

An executive algorithm constituting the kernel of 
the PSM operating system is a necessity. This execu- 
tive algorithm uses information contained within the 
SPIS structure to direct the deterministic parallel 
evolution of the Simula processes. In designing the 
executive algorithm, the methodology followed is to 
decompose a Simula program into groups of simul- 
taneous processes. This decomposition is done with 
information obtained both at compile time and 
runtime. 

Such a development procedure results in a hier- 
archy of process groups eligible for parallel execu- 
tion. The safe and successful sharing of information 
determines the basis for process group formulation 
and assignment to hierarchical structures. In addi- 
tion, the correct transfer of control between the pro- 
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Fig 1 The Simula process interaction 
structure (SPIS) is a graphic 
representation of Simula program 
parallel activities. Classes of objects, 


their names, and their associated 
actions are specified, as are their 
interrelationships. 


cess groups and individual processors plays a part 
in program decomposition. 

To ensure that program determinacy is not vio- 
lated, the executive algorithm controls the evolution 
of hardware processors and also processes collabora- 
tion. This algorithm also incorporates dispatcher and 
synchronizer procedures to overcome contortion 
issues that arise during parallel operation. In the 
Simula machine, the dispatcher allocates the pro- 
cess to a specific processor at program execution. 
In doing so, the dispatcher applies certain rules that 
take into account the number of processors within 
the machine and the population of the P-processes 
inside the ESQS. 

After initially dispatching processes among the 
various system processors, the simulated system’s 
behavior becomes dynamic. This is due to frequent 
activation, removal, and suspension of processes. 
As a result, a continuous rearrangement of processor/ 
controller (P/C) processes occurs inside the ESQS 
according to program needs. In general, applying 
dispatching rules has two main objectives: first, to 
maximize the number of processors used at any given 
time; and second, to minimize system recon- 
figuration overhead. 

The synchronizer establishes proper sharing rela- 
tionships between system variables to preserve their 
integrity. To design the synchronizer mechanism effi- 
ciently, the time-dependent interaction points among 


parallel processes must be determined from the 
SPIS. In particular, the synchronizer is designed 
around two fundamental synchronization modes. 
These modes represent either critical regions within 
processes, or communication commands within these 
regions. 


Hardware design issues 

System architecture takes into account the object 
code produced by the Simula compiler, and the 
information structure (SPIS) of the Simula program. 
The parallel machine consists of a number of proces- 
sors communicating asynchronously with a master 
processor. These processors share common memory 
while executing in parallel. In addition, each pro- 
cessor has its own private memory as well as an inter- 
connection path for efficient communication 
between itself and the master processor. 

Simula hardware exhibits four levels of architec- 
tural hierarchy. Level 1 assumes that the machine 
is an integral part of a major mainframe system and 
accepts the executable code as produced in the host 
computer. Along with the Simula executable code, 
the host computer loads the PSM with the appro- 
priate information structure (SPIS). The communi- 
cation facility that interfaces the host machine and 
the PSM is a universal synchronous/asynchronous 
receiver/transmitter (USART). 

Level 1 also includes facilities supporting its 
devices, such as an American Standard Code for 
Information Interchange (ASCII) keyboard input 
interface, a cathode ray tube controller, and a floppy 
disk controller. Information transfer between the 
host machine and the PSM is accomplished by a 
timeshared bus. The system bus is initially loaded 
with the Simula object program and with the SPIS, 
which are produced in the host computer. 

Level 2 consists of the master central processing 
unit (CPU) and the system shared memory (Fig 2). 
The shared memory contains the object code and 
the executive algorithm along with the SPIS. Note 
that the shared memory consists of random access 
memory (RAM) and erasable programmable read 
only memory (EPROM). Executable code, program 
data, and the SPIS program supporting facilities 
reside with RAM. The EPROM contains the executive 
algorithm. 

After consulting the executive algorithm, the 
master processor directs the satellite processors by 
issuing status signals. It is important that the master 
CPU alleviate problems, such as multiple resource 
requests and multiple interrupts, as well as synchro- 
nize the satellite CPUs. 

Level 3 provides intercommunication. Since the 
system contains a number of identical processors, 
it must provide efficient communication between the 
various system devices. The intercommunication sys- 
tem comprises the various peripheral interface 
adapters (PIAs) attached to the master CPU and 


Early developments in genera! purpose languages 
promised the possibility of formally describing com- 
puting processes. However, this possibility rapidly 
diminished as the number of processes making up a 
system became more complex and interactive. In addi- 
tion, conventional languages were heavily oriented 
toward solving numerical problems. When handling 
very large or highly interactive problems, a novel 
approach is required. Moreover, a general purpose pro- 
gramming language must decompose complex prob- 
lems into logical processes. Such languages must also 
provide flexible control switching between the various 
program processes so that the interaction pattern be- 
tween these processes can be faithfully expressed. 

At the beginning of the 1960s, Simula’s designers 
analyzed the commonly used languages in efforts to 
determine whether any were equal to the demands 
of parallel operation. A very strong candidate surfaced 
with the appearance of Algo-60. The block concept 
of Algol-60 lends itself to the formulation of the 
elegant Simula class concept. Simula is itself the pro- 
jection of a block, but has instances of staying power 
(co-routine facility). A class modularizes programs and 
facilitates their structural decomposition. 

A Simula co-routine is equivalent to a procedure, 
but each time it is executed by a processor, control 
is directed to the point of last abandonment. Further- 
more, co-routines can suspend their own execution 
for specified or unspecified duration. 

Simula-67 incorporates Algol-60 features and 
extends this language’s block concept to allow the 
generation and naming of blocks that can coexist as 
co-routines. Such blocks, known as objects, are gener- 
ated from templates, known as class declarations. 
Thus, the concept of class and object in Simula can 
be traced back to similar notions in Algol-6o. 

A Simula-67 3:4 definition also includes the Simset 
package for list processing and the Simulation package 
tor discrete event simulation. These two standard 
packages can handle quasiparallel execution in gen- 
erated class objects. 

Simset provides for the creation of a doubly linked 
circular list, the sequencing set (Sas). It also permits 
the placement of class objects with the circular list. 
The Simulation facility associates a simulation time 
with each class object included in the sas. This 
simulation time is called event-time. It denotes the 
activation instance at which a specific object is found 
to be executed. Each class participating in the sas is 
called a Simula process. 

Consequently, Simula provides advanced features 
as a general purpose programming language, while 
also serving as a powerful simulation tool. It offers 
conceptual clarity, consistency, security, and efficient 
implementation mechanisms. 


satellite processors. These are called master PIA and 
private (slave) PIA, respectively (Fig 3). It also com- 
prises the system interrupt controllers and the DMA 
devices. In order to achieve high data transfer rates, 
the DMA devices bypass the processor operations. 
The PIAs appropriately interface their associated 
CPUs with the system bus and the various system 
devices. In essence, each individual PIA provides all 
necessary bus communication and handshaking. 
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Fig 2 Simula hardware can be seen in 
four levels. Level 2 includes the master 
CPU and the shared system memory. 
Both RAM and ROM compose this 
shared memory resource, and an 


DATA BUS executive algorithm resides in EPROM. 
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Because the PSM is an interrupt controlled 
machine, multiple interrupt resolution is necessary. 
The PSM’s interrupt circuitry has a single PICU 
designated as the master. This master controls up 
to eight additional PICUs (in the case of Intel 8259A), 
designated as slaves. This allows a maximum of 64 
interrupt priority levels. Priority arbitration schemes 
in such a configuration can be set independently for 
the master PICU and for each slave PICU. This can 
result in a bewildering profusion of arbitration 
possibilities. 

Obviously, the master CPU and the satellite CPUs 
are connected to the appropriate slave PICUs. The 
DMA controller accepts and resolves DMA requests 
as they originate from the various system devices. 
After software initialization, the DMA controller can 
transfer a data block (up to 16K bytes in the case 
of Intel 8257) between the shared system memory 


and a satellite processor private memory. This data 
transfer takes place directly without master CPU 
intervention. In essence, the DMA controller treats 
the satellite circuitries as a set of input/output (I/O) 
devices. 

Level 4 consists of the satellite processors and their 
private memory modules. As directed by the master 
CPU, the satellite CPUs operate asynchronously. 
They execute the Simula object code that has been 
loaded in their private memories in parallel fasion. 
The private memories are dual-port devices and com- 
municate with their associated satellite processor via 
their private bus. They may use the system bus as 
well, when necessary. 

Timeshared bus configurations are notorious for 
throughput limitations imposed by the system bus. 
Similarly, a configuration in which all memory is 
held in common will suffer the effects of congestion. 


ADDRESS BUS 


SYSTEM 
BUS 


CONTROL BUS 


DATA BUS 


Fig 3. Intercommunication between 
the system elements is the function of 
hardware level 3. Here, programmable 
1/0 chips provide their associated CPUs, 
master peripheral interface adapter 
(PIA), and master programmable 


interrupt control unit (PICU) with 
avenues to system and data buses. CPU 1/0 
Interrupt priority is possible at 64 CIRCUITRY 
levels, and the principles of DMA are 

operant in all satellite/master 

exchanges. 
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CPU 1/0 
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Fig 4 The parallel Simula machine is based upon tightly coupled processors operating in master/slave topology. 
This interrupt-driven architecture tends to improve performance by actually reducing software overhead through 


asynchronous service schedules. 


As a result, an important design objective is to parti- 
tion the hardware in a way that diminishes potential 
bottleneck effects. 


System topology concepts 

System configuration is based on the notion of 
tightly coupling microprocessor devices5. Tight 
coupling implies high bandwidth interconnections 
and thus, physical proximity. In such settings, shared 
memory is used for data transfers and program stor- 
age. Fig 4 shows the overall PSM structure. The 
system can be classified as a master/slave multi- 
processor machine with the control centralized at the 
master processor. The master processor allocates 
tasks to the satellite processors and resolves any 
possible conflicts arising during the execution of a 
Simula program. 

The PSM functions as an interrupt-driven environ- 
ment. Whenever a satellite CPU wishes to com- 
municate with the master CPU, it issues an interrupt 
command. Upon inspection by the master processor, 
the interrupt circuitry resolves the various interrupt 
requests according to the executed process priorities. 
To resolve simultaneous interrupts, a specific inter- 
rupt algorithm is used. This algorithm systematically 
examines each alternative and solves every opera- 
tional issue. 
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Because interrupts handle all interprocessor com- 
munications, there is an actual diminution of bottle- 
necks. This is due to the fact that only one satellite 
CPU can communicate with the master CPU at any 
one time. Therefore, the interrupt concept provides 
an enhanced asynchronous interface with the ser- 
vice requests. A further benefit is that little software 
overhead is required until an event captures the 
master processor’s attention. 

Private memory consists of dual-port memory 
modules that allow all private memory to be accessed 
from the system bus. Such an approach is necessary 
only in large systems where throughput is limited by 
bus capacity and data transfer requests are high. All 
data transfers occur between system memory and 
the satellite processors’ private memories, and there 
is no means of intercommunication among the pri- 
vate memories. 


System implementation 

Initialization of the master processor begins by 
executing the executive algorithm, which resides in 
EPROM. Meanwhile, the satellite processors await 
appropriate initialization instructions from the 
master CPU. The runtime actions of the executive 
algorithm achieve several ends. First is the establish- 
ment of ESQS. This includes instances of certain 
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Simula processes. Second is the recognition at every 
instance of all the Simula processes that can run in 
parallel. Dispatching rules are also imposed at this 
point. Finally, a copy of the process about to be exe- 
cuted is sent to each processor. 

During the recognition instances, the PIA quickly 
realizes that it is about to receive a process object 
and generates an interrupt signal. The interrupt cir- 
cuitry directs the interrupt toward the master CPU. 
An EPROM routine is initiated upon master pro- 
cessor recognition of the interrupt. Then, the infor- 
mation is extracted from the system memory by 
placing the PIA’s address on the system address bus. 
The process code (now on the data bus) is made 
available to all system sections. At this stage, the 
DMA circuitry intervenes and starts dumping the 
process code directly to the private RAM associated 
with the PIA. 

Process code is placed within the RAM with no 
processor involvement, since the master CPU is elec- 
trically isolated from the system bus during the DMA 
cycles. Isolation is achieved by floating the pro- 
cessor’s tri-state address, data, and control lines. 
During this time, the PSM can execute specified pro- 
cesses in parallel. However, since Simula processes 
are highly interactive, an appropriate mechanism is 
required for process cooperation. 

Execution of Simula communication commands 
results in ESQS rearrangements. Consequently, there 
exists the possibility of de-allocation of processes 
from their corresponding processors. Whenever a 
satellite processor attempts to execute a communica- 
tion command, it issues an interrupt signal. The 
master PICU processes this interrupt and halts the 
whole system. If several interrupts occur concur- 
rently, the master PICU determines which request is 
to be serviced first. This decision is based on the 
event-time of each executed process. 

Even when a particular Simula process gains 
priority over another, due to a communication com- 
mand, it cannot immediately seize the system bus. 
It must wait until the present bus occupant completes 
its transfer cycle. This ensures transfer integrity. 
Upon completion of its transfer cycle, the bus occu- 
pant immediately releases the bus. 

When a process stays with its satellite processor, 
the content is maintained within private memory. 
After interrupts, the process resumes execution from 
the point where it left off. In the case of process de- 
allocation, the new process resuming execution over- 
writes the content of the old process. No harm is 
done since the system has already saved this process’s 
volatile environment in the common memory. On 
the other hand, a copy of this de-allocated process 
always exists within the common memory. In addi- 
tion, all alterations affected by running processes 
are eventually recorded in the system common 
memory. In the case of process cooperation, the fre- 
quency of interrupts is proportional to the frequency 
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of communication command appearances within the 
running process text. 

During their evolution, processes establish shar- 
ing relationships. This implies that their results must 
rely on certain consistency constraints. These con- 
straints are implemented by the executive synchro- 
nizer procedure. When the synchronizer wishes to 
enforce a particular order on actions within parallel 
Simula processes, it must issue a synchronization 
message to the Simula processes. Interrupts at the 
hardware level implement this message. Whenever 
the synchronizer intervenes, interrupts occur and are 
resolved in a manner analogous to the one previously 
analyzed. 

The parallel Simula machine requires the establish- 
ment of several information structures, both at pre- 
compile and at runtime levels. These structures 
originate from specific language features and are 
developed to guarantee data consistency and integ- 
rity. Furthermore, language features strongly influ- 
ence the design of a versatile executive algorithm 
serving the operating system kernel. 

Because the PSM structure is an interrupt-driven 
environment, the concept of processor interrupts 
implies close interaction with the operating system 
kernel (executive algorithm). This strong interrela- 
tionship suggest that device interrupts and the inter- 
nal operations of the executive algorithm procedures 
must be handled according to an integral philosophy. 
This design guarantees simplicity and ease of con- 
struction, while exploiting most of the natural 
parallelism inherent to Simula programs. 
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minal industry has made us number one in PC multi-user systems, as well. And nobody, 
not IBM? not Apple’—nobody—offers TeleVideo’s breadth of products and features. 


Want all the software in the business to choose from? TeleVideo’s 8-bit computers 
use the CP/M*operating system. Our 16-bit models use both CP/M and MS™DOS. 


oe Ba iehy ? een the 8- bit TeleVideo 603 and the 16- ‘bit 1603 havea a 


Power? Our 803 comes standard with 64K RAM, aa to 128K; 
the 1603, with 128 K, expandable to 256K. 

Support? Count on TeleVideo and our nationwide 

distributor network for all the backup, and tech- 

nical expertise you need, plus the best delivery 

capability in the business. To learn how to 

get in on the TeleVideo boom, see the 

oftice listing at the end of this section 


TeleVideo Personal Com puters 


®& TeleVideo Systems, Inc. 


The TeleVideo Portable Computer equips the professional 
who’s going places. 


Because our Integrated Systems Design produces a full-function 
portable that is truly networkable. As an additional mobile 
workstation at the office. As a powertul communications tool 


TeleVideo Portable Comoe fully comiesanie with our desk- 
top computer. 


The TeleVideo Portable has a full 9" yellow phosphor screen 
and a double-sided double-density 5 4" floppy disk drive. The 
ergonomically designed keyboard includes a ten-key account- 

ing pad not ROME available in a portable. 


a aden to help your ‘customers keep i in ) touch with both 
office computers and data base services such as 
CompuServe and NewsNet. 


The TeleVideo Portable comes complete with 
CP/M operating system, spreadsheet, word 
processing and graphics software. At sug- 

gested retail of hee $1,599, it adds portable 


of the Sonable: in n network environment. 
A great way to get you in on the boom. 


| TeleVideo Personal Computers 


&,TeleVideo Systems, Inc. 


PLUG INTO 
THE NETWORK 


Nobody networks like TeleVideo. 


Our qifaeee oes Systems Design. makes the entire TeleVideo line 


can be created by simply plugging’ into our 6 or 16 user Service 
Processors. They incorporate existing TeleVideo computers 


in a shared-resources environment with no alteration of CP/M 


programs. Software investments are protected as the system 
is upgraded to the power of a multi-user network 


storage and offline capabilities to the exact lade if you 


Adding stand-alone computers or our work stations tailors 


tions support, printers or software, Taleviders has fol) covered. 
Our Network Service Processors can also interface with 


works. No wonder TeleVideo is number 


mainframes through IBM protocols to create satellite net- 
one in PC networks and multi-user 
systems. 
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to grow once you get in 
on the boom. 


TeleVideo Personal Computers 


®,TeleVideo Systems, Inc. 


With this comprehensive, single vendor 
ofution tt 
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SINGLE-CHIP MICRO 
SPEAKS FORTH 


An extended Forth interpreter embedded in read only 
memory brings high level language efficiency to 
microcomputer application programming. 


by Gerald E. Bernier 


Programming takes an increasing percentage of 
system design time. This is particularly true for 
single-chip, microcomputer-based systems where 
the hardware design may be quick and easy but 
software takes as long as it ever has. Any reduction 
in programming time will directly affect the 
development cost of micro-based systems. 

Consequently, development costs can be sub- 
stantially reduced by writing the application pro- 
grams in a high level language rather than in the 
microprocessor’s assembly or machine language. 
Software costs decrease because powerful com- 
mands are available, programs are shorter, and 
details such as housekeeping are handled by the 
language developer instead of the programmer. 
Programs can be written and debugged more 
quickly, and modifications incorporated more 
easily. Moreover, documentation is better because 
the programs are more readable. 

High level languages are either interpreted or 
compiled. An interpreter performs each instruction 
at runtime, while a compiler translates programs into 
machine code prior to runtime. Program develop- 
ment is significantly enhanced when working in the 
user friendly environment of an_ interactive 
development system, and this requires an inter- 
preted language. But the interactive environment is 
useful only during program development, not at 
runtime. 


Gerald E. Bernier was a technical staff member at 
RCA’s David Sarnoff Research Center, Princeton, 

NJ 08540 when this article was prepared. He holds a 
BEE from the General Motors Institute, an MSEE from 
the University of Michigan, and a PhD in electrical 
engineering from Michigan State University. Dr 
Bernier can be reached at PO Box 1976, Redondo 
Beach, CA 90278. 
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Fig 1 A minimum chip count system consists of the 
microcomputer chip and a ROM/PROM containing the 
compiled user program written in the high level language. 
The external 1/0 devices are optional. 


Putting an interpreter in the onboard read only 
memory (ROM) of a single-chip microcomputer 
allows it to be programmed directly in the high 
level language provided. Not only can the micro- 
processor’s instruction set be extended to give it the 
power of the high level language, but the inter- 
preter can be tuned to the characteristics of the 
underlying microprocessor and optimized for run- 
time applications. These features permit the design 
of minimum chip count systems (Fig 1) while using 
a high level language to cut programming costs. 

An interpreter based on the Forth language has 
been developed for RCA’s CDP1804 microcomputer 
(Fig 2). It has 200 instructions including all of the 
standard Forth instructions applicable to runtime 
applications, input/output (I/O) instructions, byte 
operations, efficient memory access instructions, 
and interrupt-handling instructions. Forth was 
chosen because, unlike many interpretive 
languages, it executes instructions fairly fast. Also, 
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Fig 2 The cppis04 single-chip 
microcomputer is an enhanced 
CDP1802 microprocessor with an 
8-bit timer/counter, ROM and RAM 
added. 8.BIT 
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family of microprocessors is ideally suited to stack 
the architecture and instruction set of the 1800 
oriented, threaded-code interpreters such as Forth. 
But, because Forth has been designed for an in- 
teractive environment, it was necessary to take a 
nonstandard approach. 


Partitioning Forth 

Typically, a Forth system combines a high level 
language, a compiler, and an interactive operating 
development system. In such a system, all of the 
instructions compose a large dictionary where each 
entry contains the actual routine (the body) plus a 
header (Fig 3). During interactive operation (eg, 
when developing a runtime program), the user sup- 
plies the name of a routine (mnemonic), and the 
Outer interpreter searches the dictionary beginning 
with a specified entry. The given mnemonic is com- 
pared with the ‘‘name’’ in the entry. If they do not 
match, the ‘‘link’’ points to the entry to be tested 
next. This process is repeated for each successive 
entry until a matching name is found or until the 
end of the dictionary is reached. If a match is 
found, either the instruction (body) is executed or 
its address is compiled into a program. Once a pro- 
gram is compiled, it can be run by sequentially 
executing the routines found at its addresses. 


Fig 3. In a typical Forth system, the dictionary contains all 
of the available instructions in a linked list format. Each 
entry contains the elements shown. The name is the string of 
ASCII codes for the instruction name or mnemonic. The link 
is a pointer to another entry in the dictionary. The code 
pointer is a pointer to the body (the executable routine). The 
parameter field, which is often empty, contains specific 
parameters to be used by the body. A set of entries may 
share the same body. 
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An application program developed for a runtime 
environment must be ROMable. But Forth pro- 
grams, as previously described, are not ROMable 
because the routines called by each program are 
scattered throughout the dictionary, which is much 
too large to be placed in ROM. The usual approach 
to obtaining a ROMable runtime program is to use a 
target compiler to collect the bodies of the rou- 
tines, actually called by the runtime program, 
together with that program. While that is a work- 
able approach to the development of ROMable run- 
time programs, it is incompatible ‘with the fixed, 
limited memory of a single-chip microcomputer. But, 
there is an equivalent, alternate approach (Fig 4). 

The complete Forth system is divided, conceptu- 
ally, into two parts: the first part consists of the 
bodies of the instructions useful in application 
programs (called f-code); the second part is a 
dictionary containing the headers for the f-code 
instructions plus all other system instructions. 
Thus, of all the instructions in a complete Forth 
dictionary (eg, compiler instructions, editor 
instructions, assembler instructions, arithmetic 
instructions), only those that are useful in runtime 
applications are utilized in the f-code kernel. The 
microcomputer with the f-code kernel in its ROM 
functions as a microprocessor with Forth and Forth- 
like instructions. An application program calls 
those onboard routines, thus driving the single- 
chip microcomputer. This approach provides the 
benefits of a high level language for application 
programs without the overhead of a typical Forth 
system. 

Partitioning of the Forth vocabulary has further 
advantages. Omitting the headers from the space- 
limited interpreter ROM allows the number of 
instructions to be doubled because the average 
header is as long as the body. The additional space 
can be used to enhance the instruction set by 
adding many new instructions. 

Proper use of the resulting rich instruction set 
allows a program to be written with fewer instruc- 
tions. This reduces both program development 
time and execution time. Also, the development 


the future is inhand... 


MTO 


MTOS is a group of FAST, USER-FRIENDLY and extremely 
VERSATILE multi-tasking executives. When a system 
requires REAL-TIME response, there is a real need for 
MTOS. 

MTOS SYSTEMS ARE EMPLOYED IN A DIVERSE RANGE 
OF APPLICATIONS. ... from industrial process control to 
medical instrumentation; from petroleum exploration to gas 
pumps; from telecommunications to intelligent terminals to 
guidance systems and beyond... applications limited only by 
imagination. 

MTOS software, with all its power and features requires as 
little as 6K Bytes in certain configurations and applications. 
MTOS is available for a wide variety of micros and supports 
multiple processors without requiring changes at the 
application level. Widely applicable and highly configurable, 
MTOS is now available in silicon form as well. 


Industrial 


Programming Inc. 


the standard- setter in real-time operating systems 


FRANCE: CELDIS SA, 53 Rue Charles Frerot, 94250 Gentilly, Phone (1) 546.13.13 


the complete family of 
real-time operating systems 


The future is closely aligned with the emergence of advancing 
micro technology. An integral part of that future is MTOS... 
the multi-tasking O/S so beautifully simple, it’s simply 
beautiful. 


MTOS-86 MTOS-80MP MTOS-68 
for the 8086 for the 8080/85 for the 6800 
MTOS-86MP MTOS-68K MTOS-69 
for the 8086 for the 68000 for the 6809 
MTOS-80 MTOS-68KF 


for the 8080/85 firmware for the 68000 


The MTOS family of MULTI-TASKING OPERATING SYSTEMS, 
with the exception of MTOS 68-KF, are delivered in source form and 
sold under a liberal licensing policy which entitles the licensee to 
imbed the object program in products without further charges. 
MTOS-68KF is sold in object form under separate license. 


100 Jericho Quadrangle, Jericho, New York 11753 
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Fig 4 In this alternate approach to the organization of the 
Forth dictionary, the bodies of entries are removed to a 
separate location. This subset of the executable routines is 
called f-code. 


system contains, as its nucleus, the f-code kernel. 
Therefore, as a program is developed, it can be 
tested with the actual interpreter to be used in the 
application, rather than with a simulation. Not 
only is this the ideal means of program verification, 
but it also makes accurate program timing infor- 
mation available. 


The interpreter 

The Forth-based f-code interpreter is a threaded- 
code interpreter with a data stack. It has a separate 
return address stack and uses reverse Polish nota- 
tion. This is a direct threaded-code interpreter, 
which means the user program is a sequential list of 
addresses of the instructions to be executed. 

When the execution of an instruction is com- 
pleted, the interpreter NEXT routine fetches the 
next address from the user’s program, loads it into 
the program counter, and initiates its execution. 
Many Forth systems use indirect threaded-code inter- 
preters because of the increased flexibility. But, 
increased flexibility is not a factor in the runtime 
environment, so the direct threaded-code approach 
was selected because it is faster and saves space. 

With its array of 16 general purpose 16-bit reg- 
isters, the CDP1804 processor is well suited to the 
implementation of an interpreter. Assigning some 
registers as pointers, instead of storing pointers in 
general memory, makes possible fast and efficient 
access to various elements of the interpreter. Three 
registers are assigned to the threaded-code inter- 
preter mechanism. The first one, the pseudo- 
program counter, points at the user program’s next 
instruction. The second register, the program 
counter, executes the machine language code. The 
third register executes the NEXT routine. 

Three more registers are used to achieve fast 
access to the data and return address stacks. Two 
of these are pointers to the respective stacks, and 
the third contains the top 2 bytes of the data stack. 
Storing the top of the data stack in a register 
increases the overall speed of operation. This speed 
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increase occurs primarily in the instructions that 
access the second word on the stack (eg, arithmetic 
operations), and those that treat the top of the 
stack as an address, such as the fetch and store 
instructions (@ and !). Simple stack manipulations 
(eg, DROP) are slightly slower. Registers are also 
assigned as the current DO loop counter, a memory 
pointer, and a table pointer. Of course, all of these 
registers are invisible to the high level language 
programmer. 

The memory pointer permits fast, efficient access 
to memory. The table pointer can be used for rela- 
tive addressing of memory. An interrupt structure 
services interrupts between Forth instructions, 
allowing the interrupt program to be written in the 
high level language. There are many Forth-like 
extension instructions, including I/O instructions 
and byte operations. Fast multiply and divide 
instructions utilize CDP1855 multiply and divide 
units in addition to the normal software routines. 
Additional instructions support the writing of reen- 
trant routines and make accessible all of the resources 
of the 1804 host processor. This includes the timer/ 
counter, the standard interrupt structure, direct 
memory access, and the full instruction set. 

Many Forth-like extensions to the instruction set 
are byte manipulations and operations that resem- 
ble the standard Forth word manipulations and 
operations, although the standard Forth word is 2 
bytes. Byte instructions are included because byte 
data are natural for the host processor, an 8-bit 
machine. Byte data work well because they use less 
memory space, and instructions execute faster. 
Therefore, byte data are practical for representing 
physical data in many applications. To maximize 
the benefits of using byte-sized data, bytes are 
placed on the stack as 8-bit quantities. This is con- 
trary to the normal Forth approach of putting a 
byte on the stack as part of a 16-bit field, with the 
upper 8 bits being zeros. 

The interpreter supports both hardware and 
software interrupts. Hardware interrupts use the 
host processor’s normal interrupt structure. This 


Fig 5 A complete Forth software development system can 

be constructed using the f-code kernel. It includes all of the 
Forth routines that are not included in the f-code, plus the 

headers for the f-code routines. 
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Fig 6 A complete development 
system using the Microboard 
Computer Development System has 
a CDP1805 microprocessor, a separate 
2K-byte interpreter ROM, and 
dictionary and development system 
ROMs totaling 8K bytes. The user 
selected ROM area has sufficient 
sockets for 20K bytes of memory, 
and the 4K-byte user RAM is 
expandable to 32K bytes. 
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permits fast response, because the interrupt routine 
is executed following the machine language instruc- 
tion during which the interrupt appears. However, 
since the interpreter could be in the middle of an 
instruction, its state is unknown. Consequently, 
the interrupt routine must be written in machine 
language. This approach would be used where fast 
response to an interrupt is needed. 

Software interrupts also use the host processor’s 
interrupt structure. However, the interrupt routine 
is executed following the Forth instruction during 
which the interrupt appears (at a time when the 
interpreter state is known). This allows the user to 
write the interrupt routine in the high level lan- 
guage, making software interrupts a clear choice 
whenever the slower interrupt response can be 
tolerated. 

There are program control instructions, such as 
DO, BEGIN, and ELSE, which are used at runtime. 
The Forth compiler contains instructions with the 
same names that are included in the development 
system, because they are used only in the interac- 
tive mode. There are several enhancements, in- 
cluding FOR END loops (faster than DO loops), 
several jump instructions, and two instructions 
that support recursive subroutine calls. 

The data pointer, which points at memory for 
fast, easy memory access, is useful for string han- 
dling and for algorithmic computations. It is also 
useful whenever it is convenient to store data on 
the stack. Both the data pointer and the table 
pointer can be used for relative addressing. The 1/0 
instructions include input and output between the 
data stack memory and the 8-bit data bus. There 
are instructions to manipulate the output line, Q, 
and to read the four input lines, EF! to EF4 (Fig 2). 

The interpreter supports the onboard timer/ 
counter, the CDP1855 multiply/divide unit (MDU), 
and the CDP1854 universal asynchronous receiver/ 
transmitter (UART). Other instructions provide 
straightforward use of the timer/counter and the 
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CDP1854 UART. In addition, the interrupt control 
instructions include use of the timer interrupts. 
Various Forth routines use multiply and divide 
operations. Most such instructions appear in two 
forms—one using the software multiply and divide 
routines contained in the interpreter, and one using 
hardware routines. While the software version is 
resident in the interpreter, the hardware version 
requires that a pair of MDU chips be added to the 
system. The software version takes four to five 
times longer than the hardware version for each 
such instruction. Thus, the system designer can 
weigh cost versus performance for each application. 


Program development 

As with any standard microprocessor, efficient 
program development requires a software develop- 
ment system. In the case of the Forth language 
microprocessor, a full Forth system is the obvious 
choice. And, just as the f-code kernel was extracted 
from the complete Forth dictionary (Fig 4), that 
dictionary can be rebuilt around the f-code kernel 
as shown in Fig 5. 

Such a software system has been developed. It is 
designed to be compatible with RCA’s Microboard 
Computer Development System (MCDs). (The 
complete system is shown schematically in Fig 6.) 
The CDP1805 microprocessor used in the develop- 
ment system is the ROMless version of the CDP1804. 
Thus, a CDP1805 plus an external 2K ROM is 
equivalent to a CDP1804 for program verification 
purposes. 


Please rate the value of this article to you by 
circling the appropriate number in the ‘‘Editorial 


Score Box’’ on the Inquiry Card. 


High 710 Average 711 Low 712 


Take it from someone who comes 
from a long line of card readers: 


“Let me tell your fortune. I see 
you are searching for something. 
You have very high standards, et 
very demanding needs. You are See = 
looking for a card reader of out- 4 em 
standing quality and reliability. d 
“Seek no further, stranger. 4 
Panasonic has the complete line of — a OFS 
Optical and Magnetic Card Readers ; 
and systems to satisfy your needs. x ine 
“Quality Optical Badge Readers, oe he 
in both vertical and horizontal ver- : ; 
sions, with or without automatic , : 
card ejection. A uniquely designed | t 
Automatic Magnetic Card Reader, i ¢ 
built for strength, durability and AGwes. be ‘ 
precise operation. And a choice Ag) 
of budget-priced Manual Magnetic ‘— Yo. § 
readers/writers, offering precision ae 
rege aera estr and ei! plyeet i : : *XXX indicates number of bits 
Nene Ween mete eee ( “It is your good fortune that you 
The Optical Readers are ca came to me. Now you will want to 


pable of reading from 20 to 264 know more. To learn about the 
bits. And the Magnetic Readers long line of Panasonic Card 


can read up to 119 characters. Readers, you must contact 


‘Which one to choose? Let me R ; 
make it easy for you .. . just con- Cede Autouation Dark One’ 
sult my chart. Panasonic Way, Secaucus, N.J. 
07094; call (201) 348-5337 orin 


Chicago (312) 364-7900 ext. 326.” 


your future.”’ 


Panasonic. 


just slightly ahead of our time 
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TOMORROW’S DISTRIBUTED 
SWITCHED DATA NETWORK 


RIXON’S Data Concentration your own digital PABX system. This 
Exchange (DCX) is a revolutionary : ODAY allows interconnect to as many as 15 
concept in data communications e other DCX switches and as many as 63 


equipment by combining distributed in a single network. Access levels 
switching, statistical multiplexing, concentration, restricting certain computer facilities for security rea- 
contention, and network processing functions. sons are easily assigned with the DCX products. 


DISTRIBUTED SWITCHING allows a terminal user With a DCX at your local or remote cluster, you can 
direct connection to a local CPU or —_ minimize your hardware investments 
remote CPU without having data trans- by having everything needed in one 
mitted to acentral switch and back over box. You eliminate your central 
the same line. It will also save you the switching device, multiplexers to 
expense for multiplexer hardware, serve each remote cluster, and exces- 
excess cables, computer parts, com- sive cabling between data switch ports 
munication links, and the modems and the multiplexer ports. The cost of 
required when using a central data the DCX is application dependent, but 
switch. will be less because you are purchasing 
CENTRALIZED MANAGEMENT acomplete system in one cabinet from 
AND CONTROL is established by one company. 

making one node the master over all Call Dave Shaffer so he can explain to 
other DCX switches and multiplexers. you in detail how you can benefit from 
Faults can be localized to individual RIXON’S family of statistical multi- 
ports and/or network links as every- plexers at (301)622-2121, ext. 471, or 
thing can be managed from one node. write to RIXON at 2120 Industrial 
RESOURCE SHARING capabilities Parkway, Silver Spring, Maryland, 
of the DCX line of products gives you 20904 
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USE HYBRID SWITCHES 
FOR VOICE AND DATA 


The numerous trade-offs between various switching 
approaches point to a hybrid solution as optimum. 


by Po Chen 


Until recently, most switched telecommunication 
networks provided direct voice communications via 
an end-to-end connection. Today, however, an in- 
creasing variety of data terminals provide both 
man/machine and machine/machine communica- 
tions in addition to the traditional voice connec- 
tions. To complicate the picture even more, network 
designers have to take into account the wide dis- 
parities in traffic rates, transaction sizes, and 
delivery times. 

The disparities are embodied in such items as low 
speed terminals and wideband graphic devices, 
which may have variable transaction sizes ranging 
from interactive messages to bulk data transfers. 
These devices also require varying delivery times 
from that of realtime voice and video signals to that 
of intermittent interactive and bulk data. Finding a 
solution that encompasses all possibilities requires 
revamping available switching technologies. 

Currently, two switching techniques pre- 
dominate: circuit switching and packet switching. 
In a circuit-switching network, whether digital or 


Po Chen is a senior staff engineer/scientist at 
Motorola Microsystems, 2900 S Diablo Way, Tempe, 
AZ 85282. He is involved in the advanced system 
architecture of computer communication networks. 
Dr Chen holds a BSEE from National Taiwan 
University, an MSEE from the University of Hawaii, 
and a PhD in electrical engineering from Purdue 
University. 


analog, the end-to-end physical circuit is held for 
the duration of the call [Fig 1(a)]. Because this cir- 
cuit is dedicated to individual users, it is not shared 
with other traffic. Thus, channel utilization effi- 
ciency is low. In such a network, a voice channel in 
normal conversation is idle about 50% of the time, 
while pauses and words between phrases add to the 
idle time. As a result, useful energy is transmitted 
on the average only 37% of the time. 

A packet-switching network has digitized speech 
or data information packed into small segments, or 
packets, that are routed through dynamic or fixed 
paths [Fig 1(b)]. For packetized voice, a speech 
detector can be used to filter out the idle signal, and 
thereby improve the channel utilization efficiency. 
Total throughput can be increased by having 
routing paths share other packets during idle 
periods. Packet-switching networks such as 
ARPANET and GTE-Telenet primarily serve the data 
communication community, however, and packet 
voice communication networks are still largely 
experimental. 

Both circuit and packet switching offer clear ad- 
vantages that could be maximized in a hybrid con- 
figuration. Variations of both circuit and packet 
switching have been proposed in recent years. 
These include fast circuit switching, enhanced cir- 
cuit switching, and hybrid packet circuit switching. 


Switching options 

In fast circuit. switching, signaling messages set 
up and tear down a connection before and after 
each transmission. The signaling speed is so fast 
that it becomes practical to establish a circuit for 
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PHYSICAL CIRCUIT 
HELD FOR DURATION 


VIRTUAL CIRCUIT [ore J» | 
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Fig 1 In a traditional circuit-switching network (a), a 
physical circuit makes connections between two switches 
during a call. This provides for an inefficient use of 
channels with only about 37% used at any one time. A 
similar packet-switching network (b) increases channel 
efficiency but inserts an unacceptable delay for voice 
transmission at high usage. 


every message to be sent, and then disconnect it 
after transmission is completed. Thus, some chan- 
nel capacity is saved by not dedicating the circuit 
during idle time. The setup or disconnection of a 
circuit can be done in 140 ms or less. This would 
satisfy the strict end-to-end delay requirements of 
200 to 250 ms for interactive data users and 
realtime voice conversations. 

As the idle time between interactive messages 
decreases, the efficiency of dedicated circuits to in- 
dividuals increases. The crossover point is reached 
when the idle time is 1 to 2 s, or less. Traditional 
circuit switching then becomes more effective than 
fast circuit switching. However, such fast switches 
or networks are not yet available. 

Enhanced circuit switching attempts to improve 
the channel efficiency associated with the tradi- 
tional circuit switching of voice and interactive 
data. Techniques such as time assignment speech 
interpolation (TASI) for voice, and adaptive data 
multiplexing (ADM) for interactive data propose to 
enhance circuit switching. These techniques take 
advantage of gaps between messages by multi- 
plexing message streams on already setup circuits. 
However, they are expensive to implement, and 
neither has been sufficiently developed to be con- 
sidered viable in the short term. 

On the other hand, packet-switched networks 
have been designed for low-to-medium-volume 
data users. The carrier’s network resources usages 
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are optimized, and higher resource use is achieved 
by sharing network paths among multiple inter- 
active users. 

In currently implemented packet networks, maxi- 
mum packet sizes at the user interface range from 
16 to 1024 octets. Each packet is made up of a 
network-defined header that controls the packet 
throughout the network and the user data/voice. 
When the arrival rate of packets at a network node 
momentarily exceeds the transmission capability of 
a node, packets are typically queued in buffers and 
forwarded when a transmission time period is 
available. 

Because packet switches and networks are store 
and forward, they can have functions such as code, 
speed and protocol conversion, and error control, 
which traditional circuit-switching networks can- 
not provide. Speech and data require different 
packet sizes and transport protocols. This com- 
plicates combining both on the same network 
switches. Within a packetized voice/data network, 
voice transmission would need to have a high 
priority, which requires that the packet switch 
would have to readily distinguish between the two. 


Taking a hybrid approach 

A viable alternative for transmitting both voice 
and data is to use circuit switching for voice and 
bulk data, and packet switching for other data. A 
communication channel linking two nodes in a 
hybrid switching system could use a time-division 
multiplexed master frame format. The frame 
would then be defined as a constant time interval 
throughout the entire backbone network. 

In such an approach, voice traffic and bulk data 
traffic would use the circuit-switching subchannel, 
while signaling message traffic and other data com- 
munication applications would use the packet- 
switched subchannel. Each slot in a frame could be 
of a different size, depending on the bandwidth 
requirement in the circuit-switching mode, and the 
packet size and signaling message size in the 
packet-switched mode. However, the duration of 
each frame should be very short. 

The transmission capacity can be shared in two 
ways. Using a fixed boundary technique, the parti- 
tion of link capacity between the circuit-switched 
and packet-switched traffic is fixed. With a 
movable boundary, the packet-switched traffic can 
dynamically use idle channel capacity assigned to 
the circuit-switched mode. The interaction between 
the packet and circuit-routing algorithms still needs 
to be addressed, however. The movable boundary 
arrangement seems to be more efficient than the. 
fixed boundary arrangement. 

Current voice/data networks require two 
separate switching arrangements to handle voice 
and data traffic. Each is designed to handle a 
specific type of traffic. However, since each switch 


PDP-11/23 with 4 Megabytes of Q-BUS Memory. 


Impossible? Read On. 


If you’ve outstripped your 256 kbyte addressing 
capability, if you want a reliable solution to 
your memory expansion needs, and if budget 

is a concern, we have the answer. We have 
made life on the Q-Bus a lot easier. QNIMAP” 
another outstanding Q-Bus product from Able 
Computer, allows for full memory expansion up 
to 4 megabytes of main memory and the use of 
existing Q-Bus DMA devices. With QNIMAP,” 
you get system performance you never thought 


possible along with complete support from Able. 


The QNIMAP" consists of two easy to install 
dual width boards and is software compatible 
with RSTS/E, RSX-11 and UNIX. 


If you have other Q-Bus needs, Able has many 

exciting products: 

= ABLE Q/DH" — Direct memory access 
communications controller — gives you 
DH11 performance on your PDP-11/23 = 
Q-Bus system. 


COMPUTER 


# QNIVERTER’ — Bi-directional Q-Bus to 
Unibus/Unibus to Q-Bus signal converter 
for memory and peripheral devices. 

= UNIMAP” — Memory expansion to 4 
megabytes on the PDP-11/23. Allows use 
of 18 bit Unibus devices. 


= INTERLINK” — DMA interprocessor link 
between two Unibus, two Q-Bus, or one 
Q-Bus and one Unibus system. 


Find out more about QNIMAP" and the rest of 
of our Q-Bus products. Write or call for details. 
Able Computer, 1732 Reynolds Avenue, Irvine, 
California 92714. National offices: Irvine CA 
(714) 979-7030, Burlington MA (617) 272-1830, 
Rumson NJ (201) 842-2009. International offices: 
Canada (Toronto) (416) 270-8086, England 
(Newbury) (0635) 32125, W. Germany 
(Munich) (089) 463080. For immediate, 
toll-free information, dial 

(800) 332-ABLE. 


Q-Bus, Unibus, RSTS/E, RSX/11 and PDP are trademarks of Digital Equipment Corporation. UNIX is a trademark of Bell Laboratories. 
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needs separate transmission facilities, the cost of 
operating two separate switching arrangements is 
invariably high. 

Integrated networks combining certain switching 
technologies are under development. These would 
make the voice and data network more economical 
and efficient, as well as meet the increasing 
demands of data traffic. The two most effective 
designs incorporate the hybrid and _ packet- 
switching technologies. 

The integrated hybrid switch consists of a digital 
circuit switch and a packet switch, both contained 
in the same equipment (Fig 2). voice and data are 
handled by the circuit and packet switches, respec- 
tively. One or two central processors are required 
to interface the circuit and the packet switch. 

One way to improve the efficiency of such an in- 
tegrated switch is to implement a voice detector 
and insert the data into the voice channels during 
silent periods in the voice conversation. However, 
transmitting data on a silent voice channel results 
in the next voice segment being ‘‘clipped’’ if the 
data transmission on the voice channel is not com- 
pleted. Therefore, a threshold needs to be 
established to determine when the data insertion 
can be done. For example, if the threshold is set at 
150 ms, data packets can be transmitted over this 
voice channel only when the silent period is longer 
than 150 ms. 

Typically, a network control center in the in- 
tegrated hybrid switch would be able to interrupt 
the data transmission and make the channel 
available for voice by sending a special control 
packet to the receiver. The packet would instruct 
the receiver to discard the incompletely transmitted 
data packet. The data transmission and retransmis- 
sion would resume at the next available time slot. 

Certainly, these controls would further com- 
plicate the function of an integrated switch, which 
in turn would increase the cost. Also, the effect of 
clipping on voice signals needs to be studied more 
before voice detectors can be implemented in in- 
tegrated hybrid switches. 


VOICE 


NONPACKET 
DATA TERMINAL 


PACKET 
DATA TERMINAL 


Fig 2 One proposed integrated network for efficiently 
handling the growing voice and data traffic is the integrated 
hybrid switch. This switch offers the least disruption during 
transition from today’s circuit switch to an integrated 
switch. 
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Fig 3 The integrated packet switch offers a second 
alternative for contending with voice and data traffic. 
As with the integrated hybrid switch, the unacceptable 
delay for the voice channels poses the biggest obstable. 


The integrated packet switch uses a voice detec- 
tor to sense the talk spurts (Fig 3). Only the voice 
signal is packetized and transmitted while the idle 
period is used for the data-packet transmission. A 
packet concentrator serves as the buffer to concen- 
trate and distribute the packets. Two different 
packet streams are multiplexed over a set of 
transmission links. The voice packet stream and 
the data packet stream are buffered in different 
queues. Each packet is made up of some control in- 
formation plus user data, which for voice would be 
a digitized speech sample. 


Voice and data traffic 

The statistical nature of voice traffic differs consid- 
erably from data traffic; thus, it requires buffering. 
Voice traffic is made up of sampled speech that is en- 
coded into a bit stream and then into packets for 
subsequent switching. Voice packets must be buf- 
fered and the appropriate buffers emptied before 
the next voice packet arrives. A fixed delay is in- 
serted in the voice-packet transmission path that is 
equal to the time required to load and unload the 
buffer. In -this way, the switch continues to 
transmit voice packets as long as the input buffer is 
full. The input buffer for voice has to be at least 
two packets wide to guarantee switching within a 
fixed time interval for each voice conversation. 

Data traffic is much less predictable than voice 
traffic. In fact, line use per data terminal could 
even be less than that for a line with an active voice 
conversation. Keeping the criterion of assigning 
voice packets a higher priority than data packets, 
the integrated packet switch controller must first 
assign any voice packet to an available time slot, 
and then, if there are no more voice packets, 
multiplex data packets into the remaining time 
slots. Within each priority class, packets need to be 
transmitted in the order of their arrival. 

An integrated voice/data packet switch appears 
to offer many advantages but is difficult to imple- 
ment. It could improve the efficiency of channel 


utilization and could suitably handle interactive 
data communication. However, the delay for voice 
packets increases as the traffic increases even 
though the voice packets have a higher priority 
than data packets. 

This long delay can be dealt with in the packet 
voice network. For packets that are lost in routing 
or have a long delay, several reassembly techniques 
could be used. They include repeating the last re- 
ceived error-free packet or interpolating those 
packets that are immediately before and after a lost 
packet. Another inherent problem is voice clip- 
ping. Its effect, as perceived by the subscribers, still 
needs to be studied. 


Integrated hybrid switching—a practical alternative 

On the other hand, the integrated hybrid switch 
is a practical technical solution to concurrent voice 
and packet traffic. The efficiency of channel 
utilization with a hybrid system is not as good as 
with the packet switch, but it is better than with the 
circuit switch. Therefore, hybrid switching would 
seem to be the best choice for future voice/data 
communication networks. 

Hybrid switching offers several advantages. For 
instance, bulk data, facsimile, and video signals 
can be transmitted with greater transmission effi- 
ciency and less delay in the circuit-switching por- 


tion of a hybrid switch than in a packet switch. 
Moreover, after call setup is completed, voice com- 
munication suffers less end-to-end delay in a 
hybrid switch than in a packet switch. This delay 
could be significant if added to the delay caused by 
a satellite link. In addition, the ease of transition 
from today’s circuit switch to the hybrid switch 
makes the hybrid-switching technique more attrac- 
tive than others. 

Although transmission efficiency and channel 
utilization for voice transmission in the circuit- 
switching portion of a hybrid switch is not as great 
as that of a packet switch, the circuit-switching 
portion can transmit continuous realtime data. 
Thus, if a practical packet-switched voice system 
can be realized, the hybrid system can be easily 
reconfigured to handle voice and interactive data 
via a packet-switching portion, while transmitting 
bulk data, video, and facsimile through the circuit- 
switched portion of the hybrid switch. 


Please rate the value of this article to you by 
circling the appropriate number in the ‘‘Editorial 
Score Box’’ on the Inquiry Card. 
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Graphics Plus 


GRAPHICS-PLUS is a field installable enhancement board for 
the popular Zenith’ Z19 video terminal adding many power- 
ful features found only on terminals costing much more 
GRAPHICS-PLUS“provides Tektronix? 4010 compatible vector 
drawing graphics, VT1002 compatible 80 and 132 column 
display formats, off-screen scrolling memory, program- 
mable function keys, “Plain English’’ menu-driven Set-up 
mode, and a host of other enhancements. Installation can be 
accomplished within 15 minutes using only a screwdriver 


CIRCLE 77 


GRAPHICS-PLUS 


an enhancement 


For Z49 Terminals 


from 


Northwest Digital Systems 


¢ Tektronix? 4010 Compatible Graphics 

e 512 Horiz by 250 Vert Resolution 

e 80/132 Col and 24/49 Line Text Displays 

e Seven Page Off-Screen Text Memory 

e Menu-driven ‘Plain English” Set-up Mode 
¢ 16 Programmable Keys- 128 Chars Each 


¢ Optional Hardcopy Port 


4 TM Zenith 
2 TM Tektronix 
3 TM DEC 


e Simple Field Installation 


GP-19 Upgrade for 219 Terminal 
249 Terminal With GP-19 Installed 


Northwest Digital Systems 
P.O. Box 15288, Seattle, WA 98115 (206) 362-6937 
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Rigid disk 
removability 
works here 


Cartridge convenience with 
~ i fixed media performance 
= and reliability in an 8-inch, 
fixed/removable drive. 


+ 53.2 Mbytes Total Storage 

* 26.6 Mbyte ANSI Standard Cartridge 

* 30 msec Average Access 

* CDC Lark™ Compatible SMD Interface 
* 8-Inch Floppy Envelope 


because we 


made it work 


here. 


The Arapahoe 7110 disk drive from Amcodyne Inc. 
is proving every day that Winchester reliability can 
be designed into a removable cartridge without 
sacrificing performance. This 8-inch fixed/removable 
disk drive builds 50 megabytes of on-line storage 
capacity around a new generation of technology 
that solves problems pre- 
viously associated with 
removable cartridges. 


Superior Data Integrity 


The Whitney suspension, first 
introduced to OEM markets by 
Amcodyne in 1982, is the most 
stable read/write platform in 
the industry, yielding an improvement in air bearing 
stiffness of 50 percent over traditional Winchester 
suspensions. Accompanied by a low-mass slider, the 
Whitney suspension resists bounce, pitch and roll. 
This improved head-to-media compliance and 
resultant higher-resolution signals translate into 
unexcelled data reliability. Coupled with a proprietary 
head-loading technique, the Whitney mechanics 
maintain head and disk interface quality over the 
product life. Additionally, the drive’s fully-retracted 
heads eliminate the major cause of Winchester DOAs 
—head-disk chattering during shipment and handling. 


Winchester Cleanliness 


The Arapahoe 7110 does not 
compromise Winchester clean- 
liness and reliability just because 
it has a removable disk. When 
the cartridge is removed, the 
fixed-disk chamber is sealed by 
a proprietary active hub seal 


Inset photos depict the Whitney Suspension (at left, top), retracted head launch 
(a! left, bottom), active hub seal (at right, top), and the recirculating air filter (at 
right, bottom). 


around the spindle. With the cartridge installed, only 
the cartridge interior is part of the clean air system. 
The HDA chamber is purged to a Class 50 environment 
within 45 seconds of power-up. Air quality within the 
positively-pressurized plenum chamber is maintained 
by a recirculating air filter that provides 20 times the 
scrubbing capacity of other fixed or removable drives. 


Assured Cartridge Interchangeability 
Although there are slight variations in the way ANSI- 
standard cartridges are seated on the spindle, 
absolute tracking accuracy and 
data reliability are assured by 
an embedded servosystem and 
an electronic centering tech- 
nique that offsets the effect 

of disk runout. Thus, the user 
can confidently interchange 
cartridges from one drive 

to another. 


Ease of Integration 


The Arapahoe 7110 is a reliable solution to some of 
the more challenging integration problems encountered 
with today’s storage subsystems. 
One peripheral can do the work 
of three—data storage, file 
transportability/archiving, 

and backup. That yields com- 
pactness, fewer integration 
headaches and lower life- 

cycle costs. 


Call now to schedule an 

immediate evaluation of one of the most innovative 
OEM products in years from the people who made 
rigid disk removability work. 


Hh t Hy Amcodyne 
| | 1301 South Sunset Street 
Longmont, Colorado 80501 


(303) 772-2601 
TLX: 296473 (RCA) 
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TOWER 1632. 
YOU CAN REALLY GROW 
ATTACHED TO IT. 


Tower™ 1632’s nonproprietary 
peripheral connection flexibility is sim- 
ply unsurpassed by any mini. Or micro. 

Of course we offer an industry- 
standard bus, Multibus* IEEE-796. Of 
course we offer SA400, ST506, SMD and 
QIC II, so you can attach additional mass 
storage devices. And of course we sup- 
port RS232C communications. ASCII 
TTY. And Bisync (2780/3780). Allowing 
Tower 1632 to connect and communicate 
with terminals, printers, mainframes, 
minis, personal computers and numerous 
special devices, from optical character 
and code readers to data tablet digitizers. 

But our planning really pays off for 
you in our networking capabilities. 
Whatever standard you choose we can 
handle. From our UNET** peer network 
to SDLC/SNA, X.21/X.25, or Ethernet.* * * 

Of course, we have a very good 
reason for offering all this flexibility. It’s 
part of our commitment to providing 
OEMs with the prime requisite for suc- 
cess. A system built expressly for sys- 
tems builders. 

That’s what we deliver. And that’s 
the reason we tower over our competition. 

Call us toll free at 1-800-222-1235 to 
learn more. 


COMMUNICATIONS 


OEM Marketing Division 


| 
j 
| 


NCR Corporation, World Headquarters, OEM Marketing Division, Dayton, OH 45479. Nationwide (800) 2 35. In Ohio (513) 445-2380. In Canada (800) 268-3966. 


*Multibus is a trademark of Intel Corporation. ** UNET is a trademark of 3 Com Corporation. ** *E et is a trademark of Xerox Corporation. 
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DATA GENERAL COMPUTER GRAPHICS. 


Data General offers you state of the art color graphics in a system which 
will put you a generation ahead of your competitors. 

1280 x 1024 COLOR RESOLUTION 

With the GW/4000™ you have access to a range of raster scan 
resolutions up to 1280 x 1024. 

It is expandable, with add-on graphics memory, to 40 bits per pixel of 
color, allowing 16.7 million colors to be displayed. 

The GW/4000 is ideal for complex interactive graphics and essential for 
the future direction of CAD/CAM solid modeling. 

TOTAL SOFTWARE SOLUTIONS 

The GW/4000 runs both office-based software packages: 

Data General's CEO®: electronic mail, calendaring, word processing, as 
well as some of the best technical applications available in every engineer- 
ing discipline.Whether your field is mechanical, electrical, or architectural, 
the GW/4000 has a broad range of applicability. From electronic 

simulation to mechanical design, analysis, and documentation. 

Data General is the first major computer company to offer a graphics 
subroutine package that complies with international Graphical Kernel 
System standards to maximize software transportability. 

TWICE THE PERFORMANCE 

Up to 3 graphics workstations can be run off the ECLIPSE MV/4000® on 
the AOS/VS operating system. And at a cost of around $45,000 per station, 
that will give you 600K-Whetstone computational power, up to 8MB of 
memory and 4.7 gigabytes of on-line storage. That's twice the performance 
and twice the memory of comparable machines. 

But if you have heavier computational requirements, you can take 
advantage of the ECLIPSE MV/10000’s 2500 K-Whetstone power, making 
it the fastest 32-bit virtual supermini on the market. It’s facts like these that 
make the ECLIPSE® MV 32-bit line the best price/performance computers 
around. 

KEEPING YOU A GENERATION AHEAD 

And to help keep you a generation ahead of your competitors, 

Data General offers a wide selection of service and support plans tailored 
to your needs. 

These include guaranteed uptime, remote diagnostics, and of course, a 
variety of software support plans 
which include telephone 
consultation. 

And Data General protects its 
solutions from obsolescence: our 
products are compatible. From our 
DESKTOP GENERATION™ family to the 
MV/10000™. In addition, we support industry standard 
products like X.25 and SNA. 

CALL NOW 

For more information on interactive graphics that are a 
generation ahead, call: 1-800-554-4343, Operator 10 
or write DataGeneral,M.S.GW 10,4400 Computer Drive, 
Westboro, MA 01580. 


q» Data General. 
a Generation ahead. 


CEO, ECLIPSE, and ECLIPSE MV/4000 are U.S. registered trademarks; GW/4000 and ECLIPSE MV/10000 and DESKTOP 
GENERATION are U.S. trademarks of Data General Corporation. Copyright 1983 Data General Corporation , Westboro MA 
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We have the electromechanical components you need for 
your computers and peripherals. And the responsiveness 
you need to keep your production rolling. 

For memory units, we supply solenoids and a complete 
line of brushless DC motors designed for 5%" to 18" disc 
drives. And linear actuators that position read/write heads in 
precise digital steps. 

For printers, we make rotary steppers and subfractional 
HP motors, and magnetic pick-ups. 

For microcomputers, minis and mainframes, Airpax 
magnetic circuit breakers assure positive protection. They're 
unaffected by ambient temperature, and serve the dual 
function of power switch and overload protection. 

And Airpax thermostats monitor cabinet temperatures, 
and shut down systems instantly when overheat threatens 
sensitive circuits. 

You can select from our thousands of standard models. 

Or we'll create a custom model for you, and produce a 
few dozen for prototypes, or millions for a production run. 

Ask us for engineering data. Airpax Corporation, a 
North American Philips Company, W. Johnson Ave., Box A, 
Cheshire, CT 06410. (203) 272-0301. 
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CONSTRUCTING 
BENCHMARKS THAT 
MEASURE UP 


There is more to gauging hardware performance than tallying 
the number of instructions executed in a second. Instruction 
mixes, formats, and compilation methods all skew 


performance. 


by Jeffrey Pulcini 


Objectively rating a computer’s performance is, at 
best, problematical. Vendors, in attempting to por- 
tray their product in the best possible light, often 
yield to competitive pressure and concentrate on 
one aspect of performance. To further complicate 
matters, they often invoke esoteric standards of 
measurement. Consequently, the burden of accurate 
performance measurement is placed on users. 
The user community, however, is faced with 
problems of its own. First, users must create 
benchmarks that represent their environment. This 
is more difficult than it may seem, and demands a 
global understanding of the problem that is not 
always possible. Second, truly valid benchmarks 
must be capable of outsmarting a diverse selection 
of hardware. For example, unless a benchmark 
program’s flow paths and size are representative of 
the user environment, a small benchmark may fit 
totally within cache memory. This results in artifi- 
cially high performance figures. Finally, users must 
recognize the strengths and weaknesses of bench- 


Jeffrey Pulcini is a national account analyst at Perkin- 
Elmer Corp, 2 Crescent Pl, Oceanport, NJ 07757, 
where he is responsible for pre- and post-sales support 
of major simulation accounts. Mr Pulcini hold a BS 
degree from Embry-Riddle Aeronautical University. 


marks. Unfortunately, many benchmarks are 
hastily prepared, by people with little experience, 
and then as a secondary task. 

Traditionally, rating a computer’s performance 
has always been difficult. One approach has 
focused upon instruction execution speed. Simply, 
a machine capable of addition in 1 ys is faster than 
another that performs the same addition in 2 us. 
Stated differently, machine number one is capable 
of executing 1M (l-us) instructions per second 
(1 MIPS). Machine number two executes 0.5M 
(2-us) instructions per second (0.5 MIPS). 

This deceptively simple way of measuring per- 
formance has been complicated by hardware de- 
signers who have included other instructions such 
as subtract, multiply, divide, shift, load, store, and 
branch. This has resulted in different execution 
times for each kind of instruction. To deal with this 
disparity, the concept of an instruction mix is 
necessary. 
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An instruction mix is the average percentage of 
adds, subtracts, etc, that a program requires to per- 
form its function. Instruction mixes are not easily 
determined by analysis, since this involves writing 
analysis tasks and then tallying the types of opera- 
tions involved. Ultimately, numerical values repre- 
senting instruction mixes are obtained. 

This concept has several problems, however. 
First, the tasks performed can change. For in- 
stance, an instruction mix using a particular job 
structure may change radically simply by adding a 
graphics function to a program. In this case, the 
percentage of load store instructions, as well as 
computational instructions, are altered. In fact, as 
applications are developed, changes in features, 
functions, and capabilities all work to modify the 
established instruction mix. 


Registers and instruction format 

Hardware designers, in efforts to increase the 
speed of the processor, add many features. Promi- 
nent among these are additional registers. The 
earliest computers had only one register or accu- 
mulator. Programmers loaded the accumulator, 
added the contents of a memory location, and then 
stored the result to free the accumulator for 
another computation. 

In such a system, programmers must return an 
intermediate result to memory. When a processor 
has two registers, intermediate results can be left in 
register one, while additional computations are 
done, using register two. The effect of this addi- 
tional register is to eliminate a store instruction and 
allow the multiply to be a ‘‘register by register’’ 
operation. Because memory does not have to be 
referenced, register operations are much faster 
than similar memory operations. In order to derive 
a meaningful benchmark, however, users are now 
faced with taking the instruction mix and subdi- 
viding instruction types by format. Instruction 
capability or efficiency, the ability to do more 
operations with fewer instructions, is also a factor. 

The following example illustrates efficiency and 
the problems it entails for benchmarking. A simu- 
lator manufacturer may require 1 MIPS to solve a 
problem. The instruction mix can be represented 
by a) % LOADS/STORES, b) % ADD/SUBTRACT, 
c) % MULT/DRIVE, d) % OTHER. By examining a com- 
puter’s instructions and execution times, designers 
find that Brand X computer executes this mix at a 
rate of 0.5 MIPS. Thus, two Brand X machines are 
required. Suppose, however, that Brand Y com- 
puter company has just introduced a new computer 
with an instruction set that does twice the work in 
each instruction that Brand X does. Each instruc- 
tion, however, requires twice as long to execute. 
Because of this, the rating for Brand Y is 0.25 
MIPS, Although users’ jobs could be done with 
fewer instructions due to higher instruction effi- 
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ciency, designers looking only at MIPS rating might 
believe they will need four Brand Y machines to 
solve their ‘‘1-MIPS’’ problem. 


Cache—a further complication 

As if instructions and register differences were 
not enough, another system element that can muddy 
the waters for software designers is cache. This 
high speed intermediate buffer between main 
memory and the processor stores instructions and 
data requested once by a program. Future requests 
for the same section of program and/or data are 
then quickly retrieved from this high speed buffer. 
Data or instructions retrieved from cache arrive at 
the processor two to five times faster than the same 
information retrieved from main memory. Fetching 
information from cache rather than memory is 
termed a cache ‘“‘hit.’’ If the needed program piece 
is not in cache, it becomes necessary to go to main 
memory. This is termed a cache ‘‘miss.’’ As the 
information is retrieved from main memory, it is 
delivered to the cache to be stored in case it is 
needed again. 

The Figure (a) illustrates the placement of the 
cache in the system. Program steps Y; through Yn 
[Figure (b)] are used repetitively. The first time 
through the program, cache misses occur as the 
cache is filled. The next time through, instructions 
are retrieved from the cache (hits), and the pro- 
cessor appears to be executing faster. Actually, the 
processor is not waiting as long for its next instruc- 
tion. The key is repetition. Only if the program 
steps are repeated is a cache of value. Program seg- 
ment X; through Xj will not benefit from a cache 
since this section of code is never repeated. 

Notice that the cache in the Figure (a) contains 
four locations while main memory contains many 
more. There is good reason for this. Cache is 
expensive. Designers must balance the benefit 
against the cost and the benefit is gained in only 
one way—by using information contained in 
cache. 

Certain types of processing, such as simulation, 
do very little looping within a single program. Ina 
properly designed system, even simulation benefits 
from a cache. If the memory system responds to a 
cache miss by sending the requested word, plus 
three additional words, the next request for an 
instruction will find that instruction in the cache. 
In fact, after the first miss, the next three instruc- 
tions will be found in cache, resulting in a 75% hit 
rate. Although this example is simplistic, it shows 
that a properly designed memory cache system will 
help the simulation user. 

Where hardware is concerned, certain points 
should be kept in mind when evaluating bench- 
marks. First, instruction mixes vary. Second, 
matching architecture causes instruction mix vari- 
ation. Third, instruction speed depends on 
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The SGS Advanced Modules now offers you single- 
board virtual memory capability previously avail- 
able only on large mainframes. In fact, our new 
SAM-Z8003EVM is a complete IEEE 796-Multibus 
microcomputer designed to help you evaluate and 
develop the 16-bit Z8003 VMPU, Z8015 PMMU and 
other Z8000™ family devices. Just connect it toa 
standard terminal or a host computer through an 
RS-232C port. You're ready to design! 


Multibus™ and SAM-BUS™ Architecture allows 
total flexibility and expandability to the other SAM’s. 


Top-performance on-board features in- 
clude: Z8003 Virtual Memory Processor 
Unit (VMPU); Z8015 Paged Memory Man- 
agement Unit (PMMU); Z8016 DTC (op- 
tional); Z8030 SCC; Z8036 CIO; 4K bytes 
static RAM; CMOS clock and calendar 


chip. 
SAM and SAM-BUS are trademarks of 
SGS Semiconductor Corporation 


a 


Built-in hardware and software debugging aids in- 
clude cycle and instruction single-step. A resident 
monitor program allows interface and control of all 
programmable devices on the board. 


If you want mainframe virtual memory capability 
and all the power of the new Z8003 CPU, at a virtual- 
ly unheard of price, contact the SGS sales office 
nearest you, today! 


Sales Offices: Atlanta, GA (404) 446-8686; Boston, 
MA (617) 890-6688; Chicago, IL (312) 490-1890; 
Dallas, TX (214) 733-1515; Indianapolis, IN (317) 
241-1116; Irvine, CA (714) 863-1222; Long 
Island, NY (616) 435-1050; Los Angeles, 
CA (213) 716-6600; Phoenix, AZ (602) 
867-6245; San Francisco, CA (408) 
727-3404; Sao Paulo, Brazil (11) 647-245. 
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MEMORY 


PROCESSOR 


PROGRAM START 


PROGRAM STEP Y; 
PROGRAM STEP Y2 


: 
PROGRAM STEP Yn 


GO TO STEP 1 


THESE PROGRAM 
STEPS MAY 

FIT INTO CACHE, 
AND THE PROGRAM 
WILL RUN FASTER 


PROGRAM STEP X; 
PROGRAM STEP X2 
PROGRAM STEP X3 


CACHE WILL 

NOT BENEFIT 

: THESE PROGRAM 
° STEPS 

PROGRAM STEP Xn 

PROGRAM END 


Inclusion of cache memory in system hardware (a) greatly affects benchmark performance. Artificially small 
benchmarks may reside totally in cache and give false indications of performance. Code segment in (b) between Y, 
and Yj should not fit entirely in cache. Segment X, to Xj will not affect cache since it is not repeated. 


instruction format. Fourth, cache will change the 
instruction execution speed of any instruction, but 
the overall effect will vary depending upon cache 
hit rate. Finally, hit rates depend on cache and 
memory architecture as well as program flow. 


The effects of high level languages 

Imposing a high level language on applications 
adds an additional level of complexity to perfor- 
mance measurement. Like individual programmers, 
each compiler has its own ‘‘style.’’ The efficiency and 
type of code produced has a direct bearing on the 
amount of hardware required to do the job. To illus- 
trate the effects of compiler technology, two bench- 
mark programs were compiled using three different 
compiler technologies: block optimization, global 
optimization, and universal optimization. 

The block optimizer breaks a program into small 
segments and then tries to make intelligent deci- 
sions as to how to program the hardware. This is 
representative of the technology employed by the 
majority of minicomputer manufacturers. The ob- 
vious disadvantage of block optimization is the 
compiler’s limited ability to see the whole program. 
Since the compiler starts from scratch on each code 
block or segment, variables used in the first block 
are returned to memory at the completion of that 
block. If any or all of these variables are used in the 
second block, they must be loaded again. The net 
result is that a large percentage of time is spent 
repetitively loading and storing to memory. 
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Global optimization, on the other hand, is a 
technique that allows the entire program to be seen 
by the compiler. Because the complete program is 
considered, the compiler makes smarter decisions 
about the type of code it generates. As a result, the 
amount of code is drastically reduced. The globally 
optimizing compiler has one limitation though— 
subroutine calls. Subroutines are compiled sepa- 
rately, thereby breaking the flow of the program. 
Thus, the global optimizer does the safe thing and, 
at each subroutine call, stores the variables it is 
using. This is done to ensure that the subroutine 
has the latest values. So, while code produced in 
this way is much better than that produced by 
block optimization, there is still some inefficiency. 

An alternative to a globally optimizing compiler 
is a universally optimizing one. At the user’s direc- 
tion, this compiler allows the automatic inline 
expansion of subprograms. This feature results in 
sizable benefits. Not only are needless loads and 
stores eliminated, but the compiler produces better 
code because more of the program is seen. This 
technique fosters structured programming too, 
since program segments can be tested individually 
and then compiled automatically. Thus, runtime 
inefficiencies are eliminated. 

To measure the benefits of universal compila- 
tion, Perkin-Elmer designers built a performance 
monitoring unit. This unit, when attached to a 
Perkin-Elmer processor, counts and times each 
instruction. It then tallies the results by operation 


Productive Shortcut 


The features and capabilities 
you'd build into your own high ~ 
performance firmware development 
tools are already available in 
HILEVEL’s systems. Take our short- 


Cut. It’s faster, much less expensive, 
and you'll end up with far more 
capability. Why? Because HILEVEL 
has been building tools for custom 
microprogramming for years. We 
can help you make the most out of 
your plans for bit-slice, custom VLSI 


or any high-speed, flexible word 
length or custom microcode appli- 
cation. HILEVEL systems combine 
the most sophisticated logic analysis 
capabilities with advanced real- 
time PROM emulation. These 
systems, called EMULYZERS™, 
are available as satellite pro- 
cessors which can sit on the 
RS232 link between your host 
and a VTI00 compatible CRT, 
or with microcomputer work- 
stations running under UNIX™ 
or CP/M®. 

Find out more about the 
HILEVEL shortcut to firmware 
development productivity. Call (714) 
752-5215 for a personal demonstra- 
tion. HILEVEL TECHNOLOGY, INC. 
is located in Irvine Technology 
Center at 18902 Bardeen Way, Irvine 
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Branches 
Floating point 


code and format. Each instruction execution is pre- 
cisely timed by counting 50-ns clock ticks between 
instruction fetch pulses. To simplify timing, mea- 
surements are taken without cache. The two pro- 
grams used are a matrix inversion program and a 
simulation program. The matrix inversion program 
merely inverts a matrix and then checks the result. 
This program requires no subroutine calls. 

The simulation program, however, calls five 
major subroutines. Of the five major subroutines 
called, three request further subroutine calls. Sub- 
routine one calls two secondary subroutines a total 
of three times. Subroutine two calls three second- 
ary subroutines 11 times, while subroutine three, 
the most complex, calls eight secondary routines a 
total of 19 times. The secondary subroutines are 
passed between 9 and 12 arguments. These subrou- 
tines perform variable search and interpolation 
between two or more points. 

Both types of programs were compiled using a 
block optimizing compiler, as well as global and 
universal optimizing compilers. Because the matrix 
inversion program did not call subroutines, it did 
not benefit from the universal optimizer. Each pro- 
gram was then run on the processor equipped with 
the program analyzer. The results are summarized 
in Table 1. 

Table 2 shows the instruction format variance 
when different compilers are used. In terms of exe- 
cution time, short format (SF) and register to regis- 
ter (RR) are the least costly to execute while memory 
reference (RX) is the most costly. Obviously, the 


Block optimization 
FORTRAN VI 


Universal 
optimization 
FORTRAN VII Z 


Global 
optimization 
FORTRAN VII O 
0.743 
ea les 
2.906 
1.775 
1.348 
2.616 


trend is toward selection of the least costly instruc- 
tions to do the job. In each case, the number of RX 
instructions decreases while SF and RR instructions 
increase as a percentage of the total. The less one 
has to reference memory, the faster a program will 
execute. The summary data show that instruction 
mixes change dramatically, thus proving the point 
that basing performance evaluation on instruction 
mix is very misleading. 

While all this is interesting, the real benefit of the 
compiler technology is shown in Table 3. Without 
changing the hardware in the simulation program, 
the universally optimizing compiler reduces the job 
to 15.2M instructions and 26.8 s. This is 61% fewer 
instruction executions and 64% less time than re- 
quired for a block optimizer. By means of simple 
arithmetic, users can determine instruction execution 
and show how hardware performance, while gen- 
erally increasing due to faster instruction execution, 
does not increase 64%. The hardware MIPS rating 
varies from 0.49 to 0.79 MIPS, depending on the pro- 
gram and compiler. This decrease in MIPS rating also 
occurred when FORTRAN VII was used in the simula- 
tion task. The decrease in hardware performance is 
offset by the fact that the job was done 41% faster. 
The MIPS rating, then, does not really measure the 
true system performance. 


Hardware considerations 

Not only must the processor MIPS rating be con- 
sidered, but the entire system’s performance must 
be measured as well. An important reason for doing 
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so is system bus bandwidth. The key ingredient 
here is the system bus, since it is over this path that 
all traffic to memory travels. Several computer 
manufacturers have built buses at different widths 
and speeds. Rating buses has been as esoteric as 
processor rating systems. Common ratings are 
13M, 26M, and 64M bytes/s. The speed of the bus 
depends on several factors. First and foremost is 
processor speed. 

A good rule of thumb for required bus band- 
width is 8M bytes/s for every 1 MIPS of hardware 
processor instruction execution speed. 

This is shown as follows: 


1 million 32-bit (4 byte) instructions 
If half the instructions need data, then 
0.5 million references to memory for data = 2M bytes/s 


6M bytes/s 


In some cases, this rule of thumb is high and in 
others, low. It is generally high when using a global 
or universally optimizing compiler. The extra 2M 
bytes/s are a slop factor used to resolve contention 
problems on the system bus, as input/output (I/O) 
devices also communicate to memory across this 
bus. Since I/O devices are mechanical, when they 
are transferring data they require immediate access 
to the bus. To achieve the needed access, I/O 
devices are given highest priority on the bus. The 
processor is the lowest priority device in the 
system. Since the processor is electronic, it can wait 
until the bus is free. Of course, the longer the pro- 
cessor waits, the fewer instructions it executes 
every second. This is called processor throttling. 
To keep the processor running, in other words, to 
minimize bus contention, additional bandwidth is 
required. 

So, how fast should the system bus be? That 
depends on the speed of the processor attached to 
the bus and the amount of I/O. If the bus is a 13M- 
byte bus, and the processor is rated at 1.5 MIPS, the 
rule of thumb dictates 


1.5 x 8M bytes/s = 12M bytes/s bus bandwidth 


That leaves 1M byte/s left over for 1/0. If users ex- 
ceed the 1M-byte/s I/O rate, then the processor will 
throttle or slow down to compensate. 


= 4M bytes/s 


Total instruction requirement is thus 
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In this discussion of benchmarks, physical 
counts of instructions are accurate and available. 
In other situations, these data are usually unavail- 
able. Thus, users are forced to evaluate other pro- 
cessors in relation to a known quantity. This clearly 
points to the need to standardize the terminology. 

Actually, the most descriptive concept may be 
effective system performance. This concept should 
divorce one from the hardware/software contro- 
versy and allow a work-related evaluation measure. 
High level language benchmarks, can and do, in- 
dicate relative effective system performance. How- 
ever, they may not provide an accurate indication 
of brute speed. 

Conventional methods of rating processor perfor- 
mance only do not give a true picture of the overall 
system performance. The system, consisting of hard- 
ware, software and I/O, must be tested by simulating 
the production environment. This process, called 
benchmarking, demands two essential criteria if it is 
to produce accurate results. First, benchmarks must 
simulate the production environment. This implies 
size and flow paths that can negate effects of very 
large caches. Second, benchmarks must place the 
proper I/O load on the system. In a system where a 
processor’s required bandwidth approximates the 
system bus bandwidth, 1/O operations will 
significantly degrade CPU performance. Benchmarks 
are artificial tests designed to simulate a real world 
environment. They are not, and never will be, ab- 
solute. A good benchmark should, however, place 
the processor performance within 10% of the 
customer’s application. 
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J.R. Sales Engineering, (319) 393-2232: KANSAS, R.R. Burton & Associates, (816) 763-5385: KENTUCKY, Leslie M. DeVoe Company, (317) 842-3245; LOUISIANA, Technology Sales Company, (214) 380-020C 
MARYLAND, Glen White Associates, (301) 252-6360; MASSACHUSETTS, Datcom, Inc. (617) 891-4600; MICHIGAN, R.C. Nordstrom & Company, (313) 559-7373: MINNESOTA, Quantum Sales, Inc., 
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Touch a few of these softkeys 


and you'll know why HP’s New 


Protocol Analyzer is your key to increased 
profits in datacommunications. 


Success in today’s highly competitive datacommunications 
marketplace demands timely introduction of new products and 
services. You can help secure that important edge with HP’s 
new 4955A Protocol Analyzer. The 4955A saves you design 
time by simulating network components. Exercise your hard- 
ware and software as it’s being developed, not after it’s installed. 
Monitor, simulate, and trigger from 50 bps to 72 kbps. The 
HP 4955A has the power and flexibility to handle your needs 
today and far into the future. With it, you can bring your 
products to market faster, and with a greater level of reliability 
than ever before. 

Easily identify protocol problems at the physical interface 
frame, and packet levels using the 4955A’s multiple display 
formats. One format, for example, gives you data simul- 
taneous with lead transitions, so you can instantly pinpoint hand- 
shaking faults. 

For non-stop versatility, the 4955A supports major protocols 
and standard data codes. Using a proprietary protocol and 
architecture? No problem. Our datacomm-enhanced BASIC 
lets you program sophisticated test routines and 
perform higher-level protocol analysis. Create ar 
statistical displays (tables, graphs, histograms) 
and perform detached message manipulation 
for your own network needs. Add to that the 
capability of printer output and you have per- 
manent records of network performance. No 
matter the task, the 4955A improves your 
efficiency for network planning, installation, 
and expansion. 

Quickly debug and troubleshoot communi- 
cations problems either on-line or in a post- 
processing mode. The 63 triggers, the most ex- 
tensive in the industry, allow you to work and 
trap in real time, to catch elusive problems. 
The intelligent 128K-character capture memory 
increases your real data storage by eliminating line- 
idles without sacrificing timing information. 

All this, at the touch of a few softkeys. From 
power-on right through complex measurement 


DESIGNED FOR HP-4B: Not just IEEE-488, but the 
hardware, documentation and 

support that delivers the shortest 

path to a measurement system, 
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sequences. Our softkey command structure frees you from 
having to memorize cryptic syntax by presenting only valid 
choices every time you select a menu setup or change. 

The HP 4955A Protocol Analyzer. It speaks your language. 
It speaks your network’s language. It’s your key to increased 
profits in the datacommunications marketplace. 

For a technical data sheet, write to Hewlett- 
Packard, Literature Distribution, 1820 
Embarcadero Rd., Palo Alto, California 94304 
or for more information, call your local HP 

sales office listed in the telephone directory 

white pages. Ask for an HP Instruments 

Field Engineer. 
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SPECIAL REPORT ON 


MICROPROCESSORS/ 
MICROCOMPUTERS 


Microprocessor technology never stands still—there are too many bright, creative minds 
in Silicon Valley and other design enclaves scattered throughout the world. On the 
horizon is a wave of new developments including 32-bit and ultrafast devices. Thus far, 
however, these devices have not arrived in significant numbers. 

The trend among manufacturers has been to shrink geometries and tweak the 
fabrication process in order to increase existing chip speeds; increase yields and therefore 
drop unit prices; and develop CMOS versions to decrease the power required to operate a 
chip and thus the heat it generates. As VLSI design, manufacturing, and testing have 
matured, more functions have been brought onchip, freeing board space and easing the 
system integrator’s job. Memory management, instruction pipelining, additional registers, 
and 32-bit capabilities have all been implemented in this way. 

Most microprocessors have been used in dedicated control applications, and the 
number of different varieties keeps growing at an exponential rate. By and large, 8-bit 
devices are replacing 4-bit ones, and dedicated 16-bit controllers have recently appeared 
on the market. 

All of these trends have developed relatively slowly and steadily—advances in 
fabrication and process control develop over time with experience. The 32-bit chips and 
architectures still in the experimental stage should begin to become important late next 
year, with strong growth in 1985 and beyond. Comprehensive tools for end to end 
automated chip design, user-microprogrammable chips, and innovative architectures using 
reduced instruction sets and high speed emitter-coupled logic are on the way. Indeed, the 
next three years should prove very interesting. 
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Sam Bassett 
Field Editor 
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PRIME EDMS" 


ELECTRONIC DESIGN THAT’S MORE THAN LOGICAL. 


The Electronic Design Management 
System™ is the one computer aided 
system for all aspects of digital 
electronic design. By integrating 
powerful database management 
and interfaces to application soft- 
ware, EDMS can take you from log- 
ical development to physical 
implementation. 

With full-scale database manage- 
ment control, it’s easy to access and 
update the component library and 
central design database that are the 
core of EDMS. These facilities, com- 
bined with sophisticated Prime hard- 
ware, let your engineers interactively 
create schematics in hours rather 
than days or weeks. 

Once a logic diagram is developed, 
EDMS automatically extracts and for- 
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mats the data needed for a range of 
design and analysis software pro- 
grams. EDMS includes our own care- 
fully developed wrapped-wire 
program as well as interfaces to 
industry recognized packages for 
logic simulation, IC design and PCB 
layout. In short, everything you need 
to build a complete system for 
digital designers. 

EDMS also provides the kind of 
control you'd expect from a system 
such as this. Designs can have multi- 
level access controls to help manage 
complex projects involving a large 
team. And the entire history of a prod- 
uct’s development is recorded so that 
progress can easily be tracked. 

EDMS runs on high performance 
Prime 50 Series computers. So, you 
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can easily distribute the power of 
EDMS using our superior network- 
ing and communications capabilities. 

Your electronic design operation 
spans logical through physical 
design. It’s only logical that your 
computer-based system do the same. 
To find out more, write to us at Prime 
Park, MS 15-60, Natick, MA 01760 
Or call 1-800-343-2540. (In Massa- 
chusetts, 1-800-322-2450.) In Canada, 
call 416-678-7331. In Europe, write 
1 Lampton Road, Hounslow Centre, 
Hounslow, Middlesex TW3 IJB, 
England. 


PRIME 


Computer 


Offices worldwide. 
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Special report on 
microprocessors/microcomputers 


177 Microprocessors: speed up, price down, and CMOS everywhere 
by Sam Bassett—Shrinking geometries increase speed, improved 
yields drop prices, and CMOS technology decreases heat and power. 


189 Advanced features squeeze onto processor chip 
by Jim Slager—VLSI brings minicomputer performance and memory 
management to 16-bit microprocessors. 


197 Coprocessors speed floating point calculations 
by Moshe Gavrielov, Asher Kaminker, and Yom-Tov Sidi—Operating 
in a master/slave relationship with an NS16032 processor, this 
dedicated floating point chip executes high speed numeric 
computations as ordered. 


213 Powerful 32-bit micro includes memory management 
by Donald Alpert—Managing a 4G-byte address space, this 32-bit 
microprocessor does address translation and access protection. 


229 Microcontroller addresses control and instrumentation 
by Don Folkes and John Bates—A 16-bit single-chip microcontroller, 
with a 68000-like architecture, handles I/O tasks in standalone or 
multiple CPU systems. 


241 Microprogramming for the masses 
by Roy M. Matney, Andre Orban, and Tom M. Albers— 
Microprogrammable, single-chip processors and their associated 
software tool kits are falling into the hands of designers. The result 
may be a revolution in instruction coding. 
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21 MIPS-Move over VAX 
and MV/10000, the fast lane 
belongs to Perkin-Elmer. 
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The benchmarks are in. 
Perkin-Elmer has won again—by 
executing 21 MIPS on our Model 
3200MPS with a sustained |/O 
bandwidth of 40 MB/sec. 


King of the road 

Consider this. The VAX 11/780 
can execute 1.2 MIPS. The 
Eclipse MV/10000 fares a little 
better at 2.5 MIPS. But the 
Perkin-Elmer 3200MPS gives you 
a plug-in parallel processing 
system that starts at 3 MIPS 
and can be expanded up to an 
astonishing 21 MIPS. 


Maneuverability 

The Model 3200MPS gives you 
new freedom in estimating jobs 
that are difficult to size. You can 
start with a 3 MIPS processor 
priced at only $150,000. Then, as 
your needs grow, yOu Can add 
anywhere from one to nine Auxil- 
iary Processing Units (APUs) at 


the 
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an extremely affordable $35,000 
each. 


Automatic shifting 

The Model 3200MPS is de- 
signed to handle demanding real- 
time applications as well as heavy 
streams of independent number- 
crunching tasks. You can segment 
your application into multiple task 
modules, with each APU perform- 
ing a set of related functions. 

Our virtual task manager gives 
you full virtual capability without 
the virtual overhead. 


Ease of handling 
The Model 3200MPS provides 
maximum flexibility for software 


development, system maintenance, 


and system extension. 

Our state-of-the-art universally 
optimizing FORTRAN VII Z 
enables you to use modular pro- 
gramming techniques for 
programmer productivity while 
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maximizing real-time efficiencies. 

The Model 3200MPS can be 
structured to permit continued 
system operation though one or 
multiple APUs may fail. 

To find out more about 21 MIPS 
mainframe-style crunching on our 
Model 3200MPS write or call 
today: The Perkin-Elmer 
Corporation, Two Crescent Place, 
Oceanport, NJ 07757 Tel: 
800-631-2154. In NU 201-870-4712. 


21 MIPS 
= 


DG 
DEC Mv/10000 


11/780 
2.5 MIPS 
1.2 MIPS 


13.3 8.6 40 
MB/SEC MB/SEC. MB/SEC 
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SPECIAL REPORT ON MICROPROCESSORS/MICROCOMPUTERS 


MICROPROCESSORS: 
SPEED UP, PRICE DOWN, 
AND CMOS EVERYWHERE 


Shrinking geometries increase speed, improved yields drop 
prices, and CMOs technology decreases heat and power. 


by Sam Bassett, 
Field Editor 


This is a year of evolution and development—not 
revolution. Although there have been (or soon will 
be) announcements of several 32-bit microproces- 
sors, the real progress has been in increased yields 
and reduced prices of 16-bit parts. Eight-bit chips 
(mainly the Z80 and 6502 variants) still dominate 
in terms of sales and are expected to do so for the 
next several years. This is especially true since they 
are beginning to replace 4-bit parts in control 
applications. 

Four-bit microprocessors are not dead, how- 
ever—as a sales rep from Texas Instruments 
(Dallas, Tex) says, ‘‘We can’t kill off the business!”’ 
But little design effort is being made to put them 
into new products. Given the wealth of software 


and hardware tools available for 8-bit machines, it 
is easier (and generally as inexpensive) to use the 
8-bit units as it is to use a 4-bit controller. In addi- 
tion, companies like Rockwell International, of 
Newport Beach, Calif, (the R6500 series), TI (the 
TMS1000 series), and Motorola, of Austin, Tex, (the 
6800 series parts) have put significant effort into 
bringing functions onchip, and building parts opti- 
mized for controller applications. 


Examining the main trends 

Manufacturers continue to work toward opti- 
mizing design and fabrication to increase working 
chip yields. This lets them sell more parts at a lower 
price, or increase the profit/part. Besides price, 
experience with controlling fabrication, along with 
shrinking geometries, has enabled an increase in 
processing speed. From 1 to 2 MHz three years 
ago, Z80s have accelerated to 6 to 8 MHz, with 
10-MHz parts available on a limited basis. 
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Complementary metal oxide semiconductor 
(CMOS) processes, while still fractionally slower 
and more expensive than the alternatives, have also 
been the focus of much development effort. This is 
because they require less power and tolerate more 
heat. As circuits become denser, especially in very 
large scale integration (VLSI) devices, the amount 
of heat generated by the power needed to run the 
chip becomes a problem. Power supplies also gen- 
erate heat and are expensive. CMOS alleviates both 
heat and power problems, since it consumes much 
less power than competing high performance MOS 
(HMOS) or N-channel MOS (NMOS) processes. 

Depending on the circuit being built, and the 
designer’s experience with CMOS design and 
fabrication, it is possible to achieve power ratios 
(HMOS:CMOS) from 3:1 to 10:1. A fairly typical 
example is the 16032 from National Semiconductor 
(Santa Clara, Calif), which draws approximately 
180 mA of current in the HMOS version, in contrast 
to 50 mA in CMOS for a 3.6:1 ratio. Since junction 
temperature is roughly proportional to power con- 
sumption, CMOS devices run much cooler than 
their HMOS equivalents. CMOS is also well suited 
for military applications because it operates reli- 
ably at 125 °C. Other device types reach the outer 
limits of their performance at that temperature. 

Silicon is cheap, while software is expensive. The 
factor that will sell a given microprocessor in the 
years ahead is support (see Panel, ‘“The designer’s 
perspective’). Designers will increasingly opt for 
devices with extensive hardware and software sup- 
port. No matter how good and inventive a micro- 
processor’s architecture may be (see Panel, ‘“Taking 
a RISC on new architectures’’), few managers will 
pay for reinventing the wheel. The availability of 
assemblers, compilers, and hardware development 
systems, as well as instruction-set compatibility, in- 
dicates that the 86 family from Intel (Santa Clara, 
Calif) will have a long and fruitful life (see Panel, 
**Steady evolution at Intel’’). 


The workhorse—the 8-bit microprocessor 

Estimates indicate that more than 75% of all 
microprocessors are used for embedded control 
applications, with the remainder found in Apples, 
IBM PCs, and other microcomputer systems. Price 
competition and second sources—the JC Master 
lists 32 chip makers, of whom five, besides Zilog 
(Cupertino, Calif), produce Z80s or Z80-compatible 
microprocessors—give manufacturers a compelling 
reason to improve their manufacturing processes. 

The work done to improve yields also creates in- 
creases in speed. As the fabrication process 
matures and becomes better controlled, the under- 
standing gained lets the process engineer tweak the 
chip’s parameters for better performance. A well- 
characterized device also makes scaling down the 
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geometry much easier. As the point-to-point 
distances onchip and the capacitance of metal 
interconnect lines shrink, chip speed increases. In 
addition, as more consumer products (ie, automo- 
biles, ovens, and toasters) become more intelligent, 
the microprocessors built into them must handle 
more tasks, and faster. 

Consumer applications also impose power and 
heat-dissipation constraints on embedded micro- 
processors. This is where CMOS proves highly 
advantageous. All major chip houses have active 
CMOS development projects, and most are already 
shipping some CMOS parts. At National Semicon- 
ductor, designers reportedly have to show good 
reason for developing in anything but CMOS. Intel 
has also made a major commitment to CMOS. 

Given the price/performance/power constraints, 
and since the majority of the parts go into con- 
trollers, most of the recent development work in 
8-bit microprocessors has gone into single-chip 
microcomputers and microcontrollers, and not 
into unadorned central processing unit (CPU) chips. 
The sheer number of variations on the basic theme is 
overwhelming. A buyer can get single-chip micro- 
computers with read only memory (ROM), 
programmable ROM (PROM), erasable program- 
mable ROM (EPROM), or electrically erasable pro- 
grammable ROM (EEPROM). Also available are 
analog to digital or digital to analog converters; 
256 to 1K bytes of random access memory (RAM); 
onboard universal synchronous/asynchronous re- 
ceiver transmitters (USARTs); and much more. 


Some typical controllers 

Motorola’s venerable 6800 family continues to 
grow, with no end in sight. According to a com- 
pany spokesperson, many of the variants came 
about due to the specific requirements of large- 
volume customers. The company’s policy is to en- 
courage standard part use rather than putting 
design effort into new ones. While this is true, an 
order for several 100,000 parts/year, over two or 
more years, is a good justification for developing a 
new standard part. 

One of the most interesting controllers is the 6804 
serial device. Unlike most other processors, it oper- 
ates internally at several times the external clock 
rate. All input data are handled over one line, and 
a latch is used to talk to 8-bit devices (eg, RAM) 
over the system bus. 

The most intriguing 8-bit device introduced in 
the last year, and the most significant in its future 
implications, is TI’s TMS7020. Seeq Technology (San 
Jose, Calif) offers the identical device, but calls it 
the 72720. The device (from both companies) has 
onchip EEPROM, which allows data or program 
instructions to be changed at will, yet remain when 
the power is off. Applications in robotics and 


The designer's perspective 


Chuck Peddle, 6502 designer and president of Victor 
Technologies (Scotts Valley, Calif), and his chief 
designer, Bobby Taylor, provide an informative look 
at the impact of microprocessor architectures on 
system design, and the decisions that need to be 
made when choosing a particular processor. In their 
analysis, the two issues in processors—putting more 
functions on silicon, and Reduced Instruction Set 
Computer (RISC) architectures—provide a starting 
point. 

Both Peddle and Taylor believe that risc devices 
are a long way from being commercially important 
products. Although microprocessors started out with 
very small instruction sets, designs have evolved, 
adding more and more functions to either the micro- 
code expansions, or to actual hardwired logic. This 
expansion has come more or less at the expense of 
speed. The other approach—a very simple but very 
fast instruction set—is a matter of choosing the right 
subset, according to Peddle and Taylor. 

To Peddle, basic speed is not of paramount impor- 
tance. In the 6502, for example, separating the data 
and address lines allows the machine to run twice as 
fast as an equivalent zso, given the same clock rate. 
The z80 must multiplex address and data information 
over the same set of lines. 

The basic argument for Risc architectures assumes 
that most programmers code in high level languages. 
Given this, the current state of compiler writing 
makes it possible to generate code that will run faster 
on a less sophisticated (but inherently faster) instruc- 
tion set machine. This is significantly better than hav- 
ing this code run on a machine with a complicated 
but powerful instruction set. 

Both Peddle and Taylor see a tendency toward 
integrating more functions onchip in the next few 
years. They foresee many special purpose control- 
lers, like the 8048, with additional functions. The 
technique is fairly easy, since the architecture is well 
known. The question is mostly one of finding useful 
functions, packaging them, and taking advantage of 
existing technology. According to Taylor, the re- 
duced instruction set has a good chance of becoming 
important, but is more applicable to the higher perfor- 
mance end of the spectrum. ‘’It’s going to take a fairly 
long time to become practical, though,"’ he says. 


Support is sometimes lacking 

As system designers, Peddle and Taylor feel that 
vendors often build the wrong set of peripheral chips. 
The peripheral chips needed to support a given family 
tend to lag behind processor and support software 
development. Because the peripheral chips available 
are not that well thought out from a system stand- 
point, designers must then create special purpose 
subsystems. 

When Peddle and Taylor decided to put Intel’s goss 
into the Victor 9000, they evaluated three main candi- 
dates—the Motorola 68000, the 8088, and the 6502 
“plus."’ The 6502 ‘‘plus’’ comes in three configura- 
tions: a 6502 plus a second 6502, a 6502 plus a 280, or 
a 6502 plus a 6809. All three 6502 ‘‘plus’’ configu- 
rations were viable candidates featuring a shared 
processor scheme. The 6809 had an interesting 
instruction set and 16-bit internal operations, but 


Chuck Peddle (left) and Bobby Taylor (right) 


suffered from a lack of software support. This left 
the zso—in fact a 6502/280— which remained a viable 
contender for a long time. 

Comments Peddle, ‘’We finally concluded that the 
8088 was going to be a cheaper solution in the long 
term. It may not have been the right decision—we 
might have done better to use a 6502 plus an 8088.’’ 
What helped convince them, however, was the fact 
that Intel was shipping the 8088, second sources had 
become available for it, support-oriented companies 
were also shipping the product, and it looked like 
good compilers would be available soon thereafter. 
What finally sold them was that Bill Gates of Micro- 
soft (Bellevue, Wash) could provide a lot of the 
software. 

The 808g also solved the biggest drawbacks of 8-bit 
processors—addressability and the 64K limit. Get- 
ting around the 64K limit would have entailed using 
bank-switching schemes and creating unique, non- 
portable software. Says Peddle, ‘‘It looked like there 
was a reasonable migration path from the 8080/z80 
family to the soss. Yet, because it was software 
compatible with the 8086, the 8soss had some of the 
cost benefits of the 8-bit processors, but the power 
and software availability of the 86 family.’’ At the 
time design began on the Victor 9000, Peddle and 
Taylor did not know about the 18m Pc, but had confi- 
dence in Gates, and that the programs and tools he 
had available for any given 16-bit processor would 
also be available for the 8086. 

Another consideration was that the 8086 was used 
in the 18M Displaywriter. According to Peddle, this 
provided Victor Technologies with a good clue as to 
which way !BM was leaning. To Peddle, the choice of 
the 86 for the Displaywriter was a good sign that IBM 
would also use the 808s. In the end, the final consid- 
eration in choosing the microprocessor for the Victor 
9000 was software support. 

“I'm not convinced that the market will ever re- 
spond as positively as you would intellectually to 
great microprocessors,’” comments Peddle, ‘‘l think 
it does respond to the vendor that looks like a viable 
supplier.’’ Summing up the biggest factor in choosing 
a microprocessor, Peddle adds, ‘‘The bigger the pro- 
cessor, the more you need other people’s software to 
support it.”’ 
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dynamic process control are obvious, but the impli- 
cations are even greater. 

The microcode that defines a CPU architecture is 
currently stored in ROM. Implementing microcode 
in EEPROM will allow the chip’s instruction set to 
be tailored to a specific application. The problem 
of object-code compatibility would thus greatly 
diminish. Given two reasonably similar architec- 
tures (ie, if the processor is executing a program in 
6809 code, and the next program in the queue is 
written for the 6800), a simple direct memory access 
(DMA) request could download the new architec- 
ture into the processor. 


For quite some time, RISC has been the focus of 
extensive research at the University of California, 
Berkeley. At the forefront of this work has been 
Dr David A. Patterson, an associate professor in the 
electrical engineering and computer science depart- 
ment there, and his students. Now, according to 
Dr Patterson, the Risc project is wrapping up, and the 
design group is going into the final stages of pub- 
lishing the research. 

One of the most important results of the research 
is RISC ll, a microprocessor with a 32-bit multiplexed 
address data bus. Its large register set has an instruc- 
tion set that is hardwired (implemented in logic cir- 
cuitry) rather than microcoded. RISC || was designed 
by students in approximately a year and a half, and 
fabricated by a commercial chip maker. 
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The Risc instruction cache chip was fabricated in 
NMOS. It has a 250-ns access time, with a 480-ns 
cycle time. Thus, it is compatible with the 500-ns 
RISC Il CPU. 
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Zilog’s Z800 is the exception to the stampede 
toward microcontrollers in the 8-bit world. The 
chip combines a CPU that runs all documented Z80 
instructions with a memory management unit (MMU) 
that can address up to 16M bytes of memory. How- 
ever, onchip RAM, clocks, universal asynchronous 
receiver/transmitter (UART), counter/timers, and 
DMA controllers parallel the developments in other 
new 8-bit devices. The device is positioned between 
the Z80 and the Z8000, and designed to provide a 
graceful upward transition. It is described as com- 
patible with the company’s recently announced 
Z80,000 32-bit device. 


Taking a RISC on new architectures 


Dr Patterson claims that Risc II is a better silicon 
implementation of Risc than RISC | and works quite 
well at the speed for which it was designed. On its 
design, he comments, ‘‘Our original architectural 
evaluations were that we could build a device which 
would execute an instruction every 400 ns. RISC II 
was designed to run at one instruction every 480 ns, 
and it actually executes one every 500 ns.’’ 

In a separate project, Dr Patterson’s group also 
completed the design of an instruction cache. The 
group was shooting for something compatible with 
risc, which runs at 500 ns. The instruction cache 
also ran on first silicon at 500 ns. 

Another project was undertaken to answer the 
question of whether the risc architecture only makes 
sense in silicon, or whether different technologies 
and more transistors/chip would render riSc imprac- 
tical. To answer this question, Dr Patterson had a 
student do a master’s thesis and design which in- 
cluded the use of the schematic capture and logic 
design (SCALD) system by Valid Logic (Sunnyvale, 
Calif). The purpose of this project was to do logic 
simulation and timing analysis on the design of a 
100k emitter-coupled logic rRisc implementation. 

The SCALD system was used to predict the perfor- 
mance of the Big RISC (B-RISC) machine on three differ- 
ent benchmark programs. This performance was 
compared with that on a number of different existing 
machines, such as the Amdahl v70, IBM 3081, and 
VAX-780. Even given the most pessimistic estimates, 
the simulation indicated that the machine would run 
almost 1.5 times as fast as the nearest competitor, 
the Amdahl v7o. 

RISC machines produced at the university are 
designed to run high level language programs, and to 
handle only integer arithmetic directly—not floating 
point calculations. The philosophy behind this choice 
is that several companies are developing specialized 
processors that could interface with the RISC CPU. 
Also, including various functions onchip would signif- 
icantly slow it down, as well as lengthen the time 
needed to design the chip. Dr Patterson is a firm 
believer in replacing software by silicon, thus off- 
loading as many functions as possible from the cpu. 


Register windowing 

Ti’s 9900, and some of the bigger machines, have 
separate register sets for interrupt switching, but the 
RISC architecture includes them for every procedure. 


Since 1980, 16-bit devices have been the center of 
attention. MS-DOS and CP/M-86 on the Intel 8088, 
and Unix on the Motorola 68000 are the hot items in 
the microcomputer world. Since the technology is 
newer, there are fewer players and fewer second 
sources, and not all of the announced parts are 
equally real or available. There is a significant dif- 
ference between delivering engineering evaluation 
samples of a part, and shipping commercial quan- 
tities. Throughout the electronics industry, an- 
nouncements depend on marketing realities, while 
shipment depends on the much tougher fabrication 
and testing realities. 


While in many cases announced products never 
materialize, there can be no question about the 
reality of the 9900 and 99000 series from TI, or the 
Z8000 from Zilog. The 9900 series, patterned on TI’s 
minicomputer architecture, has been in production 
since the late 70s. It is described as being optimized 
for program context switching, since all registers 
and stacks are kept in RAM. The Z8000, introduced 
in 1980, is also register oriented and addresses 
memory via segment registers. Designers have 
widely accepted both companies’ products, al- 
though the Z8000’s similarity to the Z80 has led to 
greater use. 


According to Dr Patterson, this is because measure- 
ments show that procedure calls happen 100 times 
more frequently than context switches. Overlapping 
the registers this way brings the cost of a processor 
call or return down very low—an order of magnitude 
faster than other machines. Pyramid Computer 
(Mountain View, Calif) has picked up on this idea and 
integrated it into the otherwise traditional 90x micro- 
programmed computer, which the company has just 
introduced (see article this issue, p 54). There are 
various rumors that other companies are doing com- 
parable work in research projects and product 
development. 

The professor believes that there is an important 
segment of the computer industry that does not care 
about assembly language programming. In the 
future, he hopes that people will design systems 
where the users write in high level languages and use 
operating systems that can move from one machine 
to another. When that happens, says Patterson, 
there will be tremendous opportunities. It will be pos- 
sible to change architectures as the technology 
moves, without losing the software investment. 
“That's really what the Risc argument boils down 
to,’’ notes Dr Patterson, ‘‘coming up with a chip that 
doesn't take forever to design, and being able to 
track the technology.”’ 

Design tools, like SCALD, CAESAR, and John Ouster- 
hout’s Crystal, help substantially and work best with 
simple architectures. As design tools improve, simple 
architectural designs can be completed faster. 
According to Dr Patterson, in a technology that gets 
twice as good every year or two, being able to design 
a system to hit the market in two years becomes not 
only desirable, but a necessity. He comments, ‘‘I'd 
rather put the work into being able to do that, than 
try to figure out what will make sense in 1988—you 
have to be real smart, or lucky, to do that.’’ 

Right now, Dr Patterson and his group are trying to 
design ‘‘tomorrow’s microprocessor with yesterday's 
technology.’’ As the professor points out, they can 
use ‘‘pretty old’’ technology, and still come up witha 
microprocessor that runs C programs very fast— 
faster than the 12-MHz 68000, the 16032, the HP 9000 
cpu, and the 286. According to Dr Patterson, ‘‘It 
seems strange that universities, in a year or so of a 
student’s part-time work, can come up with a micro- 
processor competitive with, or better than, what the 
established manufacturers have done.”’ 
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RISC Il, a 32-bit NMOS microprocessor designed at 
the University of California, Berkeley, is 25% 
smaller than risc 1, even though it has 75% more 
registers. Using an 8-MHz clock, it executes 
instructions in 500 ns and consumes 1.25 W. 


In considering whether this university advantage 
might be due to the design tools available, and if the 
average designer in industry has such tools, Dr 
Patterson states that the Berkeley design tools set 
had been distributed to more than 100 locations, 
including several manufacturers. Another factor, 
according to Dr Patterson, is the cultural difference 
between industry and the university. On the basis of 
past experience, manufacturers expect that a new 
chip design will take three to five years and cost $30 
million. Thus, they make their corporate plans 
accordingly. 

Universities, on the other hand, do not have the 
time or resources to devote to that extensive a pro- 
ject. Instead, there is a premium on quick results. The 
professor also expects that as the marketplace 
becomes more competitive, companies will be 
pushed more into using design tools with better 
yields and more capability to produce parts more 
quickly. 

Dr Patterson puts the situation into perspective 
when he says, “‘It will be easy to continue taking a 
long time to build microprocessors as long as every- 
one plays the game the same way, but the question 
is, what happens when other people start playing the 
game differently?”’ 
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Similarly, Intel’s iAPX 86 family of parts is in 
widespread use, with the 8088 in the lead. Since it 
allows designers to configure systems around well- 
known and reasonably inexpensive 8-bit bus and 
peripheral technology, the part is well on its way to 
becoming the successor to the 6502 as the work- 
horse of the microcomputer industry. 

The full 16-bit bus members of the family are 
following along, but without the shipment volume 
associated with the 8088. The 8086 has found a 
steady market in technical systems, and the June 
announcement that Harris Semiconductor’s CMOS 
Division (Melbourne, Fla) has introduced a CMOS 
version—the 80C86—will ensure its future, especially 
if the projected fall ’83 shipping schedule is met. 

In addition, the enhanced members of the family 
(iAPX 186 and 286) seem to be doing well. The 186 is 
available in quantity. It provides direct addressing 
of up to 1M byte of memory, a 4M-byte/s (1M-bps x 
16-bit) bus transfer rate, a 6-byte prefetch queue, 
and 16-bit registers for memory segmentation, via 
its onchip bus interface unit (BIU). The device also 
has an onchip clock generator, programmable 
interface controller, timers and control registers, a 
local bus controller, and a DMA unit. Intel also pro- 
vides development software consisting of an 


Giving a clear indication about the future of Intel’s 
microprocessor line, senior vice president Les Vadasz 
comments, ‘‘We are committed to two main paths: 
first, to take existing microprocessors and reduce the 
cost of solutions by integrating as much onto the sili- 
con as technology allows; second, to extend the 
architecture in a compatible manner using advanced 
silicon technology to produce more powerful cpus.”’ 

According to Vadasz, the 8086, 186, and 286 all 
illustrate the direction the company is taking, and 
future parts will, of course, reflect this philosophy. 
Meanwhile, maintaining architectural compatibility is 
paramount to ensure easy and direct integration. 
Although the company maintains a strong Rap effort, 
there are currently no plans to change architecture, 
or to produce microprocessors that do not reflect the 
8086 family philosophy. 

The general thrust of 86 family development has 
been to provide both more power and functionality 
with new parts. This is evident with memory man- 
agement in the 286, and the same functionality in a 
smaller and less expensive package (ie, the 186 as 
compared with the gos6). 

Semiconductor fabrication techniques are ad- 
vancing rapidly, and, according to Vadasz, million- 
transistor circuits are well within reach. While the 
company currently uses 2-nm technology (the 
smallest features onchip), 1.5- to 1-um chip tech- 
nologies are being developed. They are, as Vadasz 
claims, ‘‘coming soon,’’ but he declines to say when. 

In discussing the 432, Vadasz maintains that the 
unit does, indeed, fit into the overall company strategy 
for microprocessor development. He does admit, 
however, that the 432 is mainly being used in fault- 
tolerant applications. He also notes that continuous 
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assembler; PL/M, Pascal, and Fortran compilers; a 
set of system utilities; and an in-circuit emulator to 
interface with its microcomputer development 
systems. 

The 286 integrates even more functions onchip, 
thus reducing the chip count, and reducing signaling 
and propagation delays (see Jim Slager’s article, 
‘‘Advanced Features Squeeze onto Processor Chip,”’ 
p 189). For the most part, the sample quantities 
released thus far have lived up to the specifications 
Intel has published. But true production quantities 
and prices are just not available yet. 

Sixteen-bit controller architectures, analogous to 
the 8-bit ones, are in the cards as well. Intel is using 
a ‘*96’’ in the part number to designate microcon- 
trollers. The company has announced and is shipping 
8096 controllers, and is talking about a 196. A con- 
tinuation of the general policy will probably bring 
a 296 to market in a couple of years, as well as a 396, 
and so on through the product line. 


Coprocessors add functions 

In 16-bit chips, coprocessors are the interesting 
technical innovation. These chips share the bus 
with the main CPU and intercept certain commands 
in the code stream to perform specialized tasks that 


improvements are being made on the unit, although 
the same amount of effort (smaller geometries and 
more speed) is not being devoted to it. 

Despite the fact that ‘’4-bit parts are dead at 
Intel,’’ as Vadasz points out, the 8-bit microcontroller 
and microcomputer are very much alive. The 803x, 
804X, and 805x parts are being manufactured in large 
volume. In controller applications, 16-bit processors 
are being used, and Intel is producing the 8096, a 
dedicated controller that shares the 86 family archi- 
tecture. Theoretically, there is no reason why there 
could not be a 196 or 296, but neither is being dis- 
cussed at present. 

Intel is currently working on cmos applica- 
tions (mainly because of power considerations), even 
though cmos is more complex and expensive than 
NMOS, and its processes permit fewer gates per given 
area. Comments Vadasz, ‘It doesn’t make much 
sense to have a low cost 10-W chip.’’ Since both 
power and heat become serious problems as the 
number of onchip functions increases, the heavy 
investment required to scale down CMOs is seen as 
being cost effective in the long run. 

Future technologies, such as gallium arsenide, 
Josephson junctions, and 3-dimensional architectures 
(multiply layers of active and passive devices) are 
also being monitored at Intel. At present, these tech- 
nologies are seen as too expensive and too little 
understood. They will have to wait for commercial 
development and until a real need arises. 

For now, the company’s attitude is basically 
cautious—to move ahead carefully and provide prod- 
ucts and services for which there is an established 
engineering demand. Yet, the company also keeps 
abreast, or slightly ahead of, current technology. 
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Intel’s 8096 is a dedicated 16-bit microcontroller. Like the 
8048 and 8051, it is an architectural implementation of the 
current microprocessor generation, with added functions 
and RAM onchip. 


would seriously slow down the main CPU. Intel’s 
first floating point unit (FPU) coprocessor, the 8087, 
is now being delivered, and significant numbers are 
going into sockets provided for them on microcom- 
puter motherboards. The 187 is being sampled, and 
seems to be doing well, but the announced 8089 
MMU seems not to have taken off at all. It is 
unclear whether this is due to technical difficulties 
in making the part work, or the fact that this func- 
tion is being brought onchip in the advanced parts 
(186 and 286). 

Motorola is shipping 16-bit parts, and the 68000 
has taken the Unix and technical worlds by storm. 
Its orthogonal (very regular) instruction set, ability 
to address up to 16M bytes of memory without seg- 
mentation, as well as separate address and data 
buses, have given it a reduced overall part count 
and a conceptual advantage over devices that 
multiplex data and address information over the 
same lines. 

In addition to the 50 or so smaller computer 
system manufacturers who offer the UniSoft 
(Berkeley, Calif) Unix port, both IBM (Armonk, 
NY) and Hewlett-Packard (Palo Alto, Calif) are 
shipping advanced laboratory systems based on 
the 68000. 

The basic CPU is available in five clock speeds, 
from 4 to 12 MHz. Given the general push for 
higher speeds and functionality, the higher speed 
versions will probably be more widely used than 
the 4-MHz parts, especially as fast RAM becomes 
less expensive. 

Just as Intel has produced the 8088, Motorola of- 
fers the 68008, an 8-bit bus variety. The technical 
system niche that the 68000 seems to have staked out 
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as its own is less concerned with price and more 
willing to put in the extra design work necessary to 
produce a full-function 16-bit system. Therefore, 
the 68008 is not expected to be as popular as the 8088. 

Motorola has announced its intention to put out 
floating point (68881) and memory management 
(68451) coprocessors for the 68000, as well as a com- 
plete line of peripheral controllers. The 68451 MMU 
is likely to suffer the same fate as Intel’s 8089, 
however, since the 68010 CPU with onboard memory 
management will be in production before designers 
learn how to use it. While Motorola has not yet 
announced plans to produce dedicated controller 
chips for the 68000 family, the company is not likely 
to ignore demands for these functions when they 
develop. Meanwhile, United Technologies Mostek 
(Carrollton, Tex) has announced the 68200, which 
should spark that demand (see ‘‘Microcontroller 
Addresses Control and Instrumentation,’’ by Don 
Folkes and John Bates, p 229). 


Another orthogonal architecture 

National Semiconductor was actually the first to 
produce a 16-bit microprocessor, the PACE, in the 
mid to late 70s, but it is just now coming back into 
the market with a second product, the 16000 family. 
The basic outline of the family more closely re- 
sembles Motorola’s scheme than Intel’s. This scheme 
includes a basic 16-bit bus part, which has a 32-bit 
internal architecture. It also includes variants with 
larger (32-bit) and smaller (8-bit) buses. 

Because of its extremely orthogonal instruction 
set, the 16000 architecture has been the focus of a 
lot of interest and excitement in the theoretical and 
academic communities. It remains to be seen, how- 
ever, whether or not the superior performance 
claimed for the family can overcome the product’s 
late start. 

Significant quantities of the 16032 basic CPU and 
its support chips are only now beginning to appear, 
but high volume production has not yet started. 
The 8-bit bus variant (16008) has been introduced in 
sample quantities, and as of midyear, National had 
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Motorola’s 68451 MMU provides memory management 
services to 68000 bus-master devices. It supports paging, 
segmentation, write protection, and the separation of 
data and program spaces in memory. 
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Please see us at WESCON Booth #1146 


A special copper-clad circuit board was developed to deal 
with the power and cooling requirements of the chip sets 
used in the HP 9000. 


revealed its intention to introduce the 32032, a 
32-bit bus part, soon, and a CMOS version of the 
16032 in the first quarter of 1984. 

In National’s terminology, coprocessors are called 
slave processors. Two are currently defined—the 
FPU (16081) and the MMU (16082). Custom slaves are 
mentioned in the company’s promotional literature, 
but it remains to be seen whether any designer or 
manager will find it profitable to develop such parts. 

Zilog is also producing coprocessors, called 
Extended Processor Architecture products, for the 
Z8000. These devices are designed to work with the 
company’s Z-Bus. They include three types of 
MMUs, a DMA, serial and asynchronous controllers, 
various timers and buffer units, a burst error pro- 
cessor, and a data ciphering processor that uses the 
data encryption standard algorithm to encrypt 
data. An IEEE standard FPU is also in the works, 
but is currently being emulated by a software 
package. 

One of the encouraging trends in the 16-bit 
world, which seems to be carrying through to most 
32-bit devices, is upward compatibility. This 
enables object code written for a less capable chip 
to run on one with advanced functions. As both 
standalone and embedded microcomputer systems 
become more complex, thus adding more functions 
and peripherals, the price of the software written to 
drive these systems will become the major cost 
factor. To upgrade the system (provide increased 
speed or functions), one of the chief criteria in 
choosing the hardware will be whether this soft- 
ware needs to be rewritten for a new CPU. 


186 computer DESIGN/October 1983 


This problem is well known in the mainframe 
world, where large accounting or inventory control 
systems may dictate the choice of language and 
manufacturer when new equipment is bought, or 
even make such purchases impossible. This is the 
technical reason behind the rash of advertisements 
for hardware and software compatibility in the 
consumer microcomputer market. It will, no 
doubt, be a growing factor in the technical market 
as time goes on. 


On the horizon 

The only 32-bit chip set currently on the market 
is Intel’s 3-chip 432 architecture. As yet, however, it 
has not been received with a great deal of enthu- 
siasm. The chief problem is its complexity and 
sheer difference from earlier microprocessors. 

Designers used to working in 8080 or Z80 machine 
language, and dealing with their interface and tim- 
ing requirements, are faced with a device that is 
programmed in an unfamiliar high level language. 
Also, the chip’s internals are difficult to visualize. 
Intel has a real commitment to the device, and is 
making a strong effort to provide education and 
tools to deal with it, but no other large manufac- 
turer has made a similar commitment. 

There are rumors that a 386 is in the works in the 
company’s microprocessor development division. 
This would be an encouraging sign—an extension 
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TI’s 32-bit TMS320 is optimized as a signal processor and 
implements a Harvard architecture with separate data and 
program memory. It is not clear if it is intended as a 
competitor in the general purpose CPU race. 
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Hewlett-Packard’s 32-bit CPU chip for the HP 9000 is 
fabricated using the company’s proprietary NMOS-III process. 
It has a minimum feature size of 1.5 .m, and a spacing of 

1 um. Other chips in the set handle memory management, 
timing, and instruction cache functions. 


of familiar architecture to include new capabilities. 
Such a nonthreatening approach is exactly the 
direction that the other manufacturers have taken 
with their future products. Motorola’s 68020, 
Zilog’s Z80,000, and National’s 32032 and 32132 (on- 
chip memory management) are billed as being 
object-code compatible with the earlier 16-bit 
parts. The concept of ‘‘graceful upgrading’’ is 
working with the 8088—it provides a natural up- 
ward path from the 8080 and 8085 without too many 
startling changes. 

TI’s TMS320 is also a 32-bit device that is being 
sampled, but it is unclear whether the device is 
aimed at the microcomputer or signal-processing 
markets. Like many of TI’s products, it is fast and 
ingenious. However, average designers may find 
this product difficult to work with due to its Har- 
vard architecture (featuring separate data and pro- 
gram address spaces). It will likely find steady use 
(like the company’s 9900 series) in embedded instru- 
mentation and military applications. 

Hewlett-Packard and Bell Labs (Murray Hill, 
NJ) offer working 32-bit parts. However, they are 
not currently offering their parts to the general 
public. In the latter case, this may change in 
January with AT&T’s (New York, NY) divestiture 
of the Bell operating companies. 

Hewlett-Packard’s 5-chip set, integrated into its 
HP 9000 computer systems, consists of a CPU, an 
input/output (I/O) processor, 128K of RAM, a 
memory controller, and a clock generator. It has a 
32-bit address bus, with pipelined data transfers at 


36M bytes/s, a 55-ns cycle time, and a reported 
performance of 1 million instructions per second 
(MIPS). With 230 instructions, including floating 
point, multiprocessing and master/slave, it is defi- 
nitely one of the more complicated and sophis- 
ticated devices. Hewlett-Packard is reluctant to 
discuss the architecture any further, pointing out 
that it is only being used in the company’s prod- 
ucts. At present, the company has no plans to offer 
it as a commercial product. 


Future speculation 

Western Electric (New York, NY) is the biggest 
unknown in the microprocessor industry. When it 
emerges as a subsidiary of an unregulated AT&T in 
January of 1984, it will certainly have the potential 
to become a major competitor. Bell is known to 
have a suite of excellent devices (the Bellmac 
series), and an R&D arm (Bell Labs) that the Japa- 
nese refer to as the premier American ‘‘national 
treasure.”’ 

There has been a good deal of speculation, how- 
ever, about whether the company will be able to 
make an effective transition from a captive subsid- 
iary of an enormous and highly structured utility to 
an aggressive competitor in a cutthroat commercial 
market. The consensus is that there will be a transi- 
tion period lasting two or more years, while it adjusts 
to the sales, service, and support levels necessary 
for success in the noncaptive market. 

Judging by the technical presentations at profes- 
sional seminars like the International Solid State 
Circuits Conference (ISSCC), IBM could also 
become a major microprocessor supplier. To date, 
however, there are only rumors that such parts may 
be under development at their East Fishkill, NY 
facility. The company’s microprocessor-based 
products have already employed chips from out- 
side suppliers. This reflects sound engineering 
judgment about cost effectiveness in the absence of 
in-house parts. 
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Enters a New Era 
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SPECIAL REPORT ON MICROPROCESSORS/MICROCOMPUTERS 


ADVANCED FEATURES 
SQUEEZE ONTO 
PROCESSOR CHIP 


VLSI brings minicomputer performance and memory 
management to 16-bit microprocessors. 


by Jim Slager 


Systems are often designed for multitasking and 
multi-user applications. As such, they require a 
means to protect software files from inadvertent 
access by other users. In addition, these systems must 
accommodate larger programs and provide compa- 
rable performance to 16-bit single-user systems. 
The iAPX 286 microprocessor responds to the 
needs of designers working on such systems. Its 
fundamental design objectives are to preserve soft- 
ware compatibility with the iAPX 86 (8086 and 8088); 
provide both a large, directly addressable memory 
capacity, and an even larger virtual memory man- 
agement capability; and offer a built-in facility for 
protecting system and user memory. Another ma- 
jor design goal of the 286 is to supply performance 
(in either a protected or unprotected mode) higher 
than any other existing 16-bit microprocessor. 


Design considerations 

The most immediate way to achieve higher per- 
formance is to increase the microprocessor’s clock 
frequency. All else being equal, a 20% increase in 
clock rate would increase chip performance 20%. 
It is not that simple, however. By increasing the 


Jim Slager is a principal engineer at Intel Corp, 2625 
Walsh Ave, Santa Clara, CA 95051. He is responsible 
for logic design of microprocessor chips. Mr Slager 
holds a Bs in electrical engineering from the 
University of Illinois. 


frequency, execution times are scaled, and to 
achieve the increase in performance, memory ac- 
cess times must shrink. Either the designer must 
select higher speed (and more costly) memory 
devices, or the increased performance must be de- 
graded by adding wait states to the bus cycle. This 
allows the slower memory to complete its cycle. 
With regard to memory management and protec- 
tion, the designer can implement these functions on 
a separate chip that works in conjunction with the 
microprocessor. This would, of course, simplify 
the central processing unit (CPU) chip designer’s 
task. However, a serious trade-off results from 
adopting this approach. By placing the memory 
management and protection functions on a dif- 
ferent chip, the time required for data and signals 
to travel from the CPU to the memory management 
unit (MMU), and then flow through the MMU, must 
be subtracted from the already tight memory 
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Memory management and pipelining functions, which previously separated chips or whole circuit boards, are brought 
onchip in the 286. Thus, multi-user and multiprocessing applications are possible, while maintaining code compatibility 


with the 8088 and 8086 processors. 


system time. Thus, dividing the design tasks in two 
degrades overall system throughput by as much as 
30% or more. The alternative, of course, is to take 
advantage of the available device density and place 
the MMU. circuitry alongside the CPU circuitry on a 
single die. 

As far as performance is concerned, nearly all 
microprocessors operate in a serial, nonoverlapping 
fashion. That is, an instruction is fetched, decoded, 
executed, then the next instruction is fetched, and 
so on. By overlapping the next instruction’s fetch- 
ing with the current instruction’s execution, the 
serial procedure can be somewhat compressed and 
accelerated. Because instructions vary in length, 
and some may tie up the system bus during execu- 
tion, a buffering scheme is often used to make in- 
struction prefetch statistically more effective. It is 
often possible to hide nearly 100% of the instruc- 
tion prefetch activity by performing it when the 
CPU is busy with internal operations and does not 
require the bus. 

Overlapping instruction decode with instruction 
execution achieves an even higher throughput. This 
is an especially useful technique for instruction sets 
designed for high code density. Normally, such in- 
struction sets vary greatly in instruction formats 
and lengths. Additional problems for the micro- 
processor designer offset code-compaction benefits 
for the user. Longer instruction decode times 
usually accompany these benefits as well. 

Decoding prefetched instructions also hides in- 
struction decode time. In effect, instead of passing 
raw code from the prefetch queue to the processor’s 
execution unit, a pre-decode takes place in the in- 
struction preparation pipeline. Very fast execution 
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is possible since the designer can tailor the pre- 
decode format, which is internal to the CPU. 

An extensive instruction frequency analysis per- 
formed on 14 different programs written in as- 
sembly language, PL/M, and Pascal (for a combined 
total of nearly 31M instructions) showed that over 
60% of instructions require memory access. High 
performance computers often use complex ad- 
dressing modes as one way to obtain high through- 
put, while memory management and _ protection 
further complicate the address generation process. 
However, large numbers of onchip transistors can 
prove useful in implementing fast address generation. 

If instruction fetch and decode are overlapped 
with instruction execution, and the latter has been 
accelerated with very fast address generation, the 
processor can outstrip the system bus’s ability to 
deliver code and data. In this case, bus saturation 
occurs, acting like a bottleneck and preventing the 
processor from attaining its potential throughput. 


Partitioning for throughput 

With these considerations in mind, the 286 is par- 
titioned into four separately operating units (see 
the Figure). These units process instructions in a 
pipelined manner to achieve very high throughput. 

The bus unit is capable of performing bus cycles 
autonomously. It contains a prefetcher and a 
6-byte code queue that enable it to fetch and buffer 
(store) code until needed. The prefetcher contains a 
limit checker that prevents this prefetcher from 
accessing code in protected memory locations. 

Because the bus cycle is pipelined, a new address 
is sent out on the address pins, while data from the 
previous address are taken in on the data pins. In 
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this way, high throughput can be supported with- 
out requiring excessively fast memory access times. 
This bus can provide an 8M-byte/s transfer rate 
while allowing 242.5 ns of address-to-data delay at 
the chip pins for each bus cycle. Thus, the micro- 
processor can access the bus at a rate of one bus 
cycle for every two clock cycles, and each bus cycle 
has three clock cycles for completion. 

In addition, the bus unit contains a processor 
extension data channel that can perform operand 
transfers between a coprocessor extension and 
memory in accordance with the processor’s memory 
protection rules. This data channel supports the 
iAPX 287 numeric coprocessor, which performs high 
speed, floating point math processing. 

The instruction unit prepares and buffers instruc- 
tions before they are executed. It accesses code 
bytes from the bus unit’s code queue and interprets 
them. Fully decoded instructions are buffered in a 
3-word instruction queue. Each entry in this queue 
consists of 69 bits and includes all the information 
the processor needs to execute the instruction, 
except for memory-resident operands. 

In essence, the execution unit carries out the 
instructions. It receives fully decoded instructions 
from the instruction queue (located in the instruc- 
tion unit) and executes them very quickly. It also 
contains a 1536-word x 35-bit control read only 
memory (ROM) and a 22-word x 16-bit register file. 
Fast hardware allows arithmetic or logical opera- 
tions to be performed on two register operands, 
with the result returned to the register file in 250 ns. 

Fast address calculations are the address unit’s 
domain. This unit can add two 16-bit numbers to 
form an effective address in one 62.5-ns clock 
phase, and simultaneously perform a limit check 
and a segment base translation in a second clock 
phase of the same duration. This fast address cal- 
culation is handled by a 16-bit effective address 
adder, a 16-bit limit checker/subtractor, a 24-bit 
physical address adder, and an 8-word x 48-bit seg- 
ment descriptor cache. 

Because these four units can operate indepen- 
dently, up to four different instructions can be in 
various processing stages at the same time. For ex- 
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ample, the bus unit can be prefetching instruction 
A, the instruction unit decoding instruction B, the 
execution unit executing instruction C, while the 
address unit is calculating an address for instruc- 
tion D. Buffering between the units ensures effi- 
cient operation and lets the units work in concert 
despite different throughput rates. This reflects the 
design objective to keep the execution unit con- 
stantly busy executing instructions. 


Improving bus bandwidth 

The design goal for the 286 is an execution rate of 
1.5 million instructions per second (MIPS). Based on 
the aforementioned instruction frequency analysis, 
the average instruction is 2.39 bytes long and 
performs 0.63 data reads and writes. Therefore, 
(2.39/2) + 0.63 = 1.83 bus cycles required/average 
instruction. Bus cycles (with zero wait states) take 
two clock cycles. An 8-MHz 286, therefore, has 
sufficient bus bandwidth to support up to 2.2 MIPS 
[8 MHz/(1.83 x 2) = 2.2]. 

With a maximum bus bandwidth capacity of 2.2 
MIPS, the instruction unit must be able to prepare 
instructions at least that quickly, in order to take 
full advantage of the bus’s speed. Operating at 1 
byte/clock cycle, the instruction can prepare 
average (2.39-byte) instructions at a maximum rate 
of 3.35 MIPS, giving a comfortable margin. 

For the execution unit to work constantly, it 
must not be forced to wait because of read-cycle 
bus collisions with the prefetcher. Therefore, a 
special provision allows the execution unit to give 
the bus unit an early warning that a data cycle will 
be required on the next clock cycle. In that event, 
the bus unit will not permit a prefetch to begin, 
thus eliminating the possibility that the execution 
unit will have to wait on the prefetcher. 

In a highly pipelined machine, the possibility exists 
that frequent control transfers, coupled with the time 
needed to fill the pipeline after such a transfer, will 
statistically defeat any throughput advantage that 
pipelining achieves. This would be the case if control 
transfers took place very frequently. 


The 286 protects users from one 
another, and also protects the system 
software from its users. 


However, analysis of 8086 code indicates that in- 
structions perform a control transfer only about 
one out of seven times, or about 15% of the time. 
Thus, pipelining does provide a performance 
benefit if the fill delay on control transfers is kept 
short. Consequently, the 286 is designed with par- 
ticular attention to keeping the fill delay short. 
When the bus unit code queue is empty, as it would 
be after each control transfer, new code bytes pass 


right through the bus unit without suffering clock 
phase delay. Similarly, instructions the instruction 
unit prepares pass right through an empty instruc- 
tion queue to the execution unit. 

The entire pipeline is designed so that only two 
clock cycles are required in the minimum case. 
These begin when the first code byte signals are 
valid at the chip’s input pins and continue until the 
entry point address for that instruction is taken in- 
to the execution unit’s control ROM. Any computer 
architecture that executes an instruction set with a 
variable format, such as the 286, would probably 
require one clock cycle just to receive an instruc- 
tion and generate a control ROM address. In the 
case of the 286, the fill penalty following a control 
transfer is one clock cycle, and it occurs an average 
of once every seven instructions. This creates a 
2.5% fill penalty for which the pipelined architec- 
ture’s added performance more than compensates. 

- Comparing the 286 with the 8086 shows a perfor- 
mance improvement of 1.8 to 6.3'times (Table 1). 
When weighting instruction execution times by 
their dynamic frequencies, the 286’s performance is 
1.88 MIPS. Though the 286 is designed to provide 
high throughput without dependence on high cost 
and high speed memory, there may still be situations 
in which wait states are required. The effect of these 
wait states (Table 2) is such that even when three 
are required, the 286’s throughput will still exceed 
1 MIPS. 


Functional requirements 

Whereas the 286 meets and exceeds its perfor- 
mance expectations, it is fair to ask whether it also 
provides the functional support intended by its de- 
signers. Does it protect system and user software 
and provide onchip memory management? 

In fact, the 286 does protect users from one 
another, and also protects the system software 
from its users. Each user has up to 1G byte of vir- 
tual address space, which can be split between 
shared and private use. In shared space, common 
data, files, and library routines might all be stored. 
Private space, on the other hand, is accessible only 
to its user. Therefore, files kept in private space are 
protected from access by other users. 

The 286 hardware supports a 4-level protection 
hierarchy. Should a task attempt to access an ad- 
dress without having access rights, the CPU will 
prevent it from doing so and issue a signal that a 
fault has taken place. Compared with 2-level pro- 
tection systems used in some minicomputers and 
microprocessors, this architecture offers broader 
and more efficient protection. 

Levels are arranged from highest to lowest 
priority. For example, a kernel level would be re- 
served for the most important and vulnerable system 
software routines. Following that, a supervisor or 
system service level might have next priority, then 


application service, and finally, applications. 

The kernel might be software that governs 
memory space management, task scheduling, and 
intertask communications. A supervisor might 
handle input/output (I/O) resource management, 
memory policies, and overall job scheduling. Ap- 
plication services could include file control, job 
control, language processing, and application sup- 
port utilities, such as a cathode ray tube editor. The 
lowest privilege level would be the application 
level. Confined to this level, software with er- 
roneous routines can be prevented from crashing 
the system. 

With regard to software compatibility, the 286 is 
designed to operate in two modes—real and pro- 
tected. In the real mode, machine code written for 
the 8088 or 8086 can run without modification on a 
286. The advantage is an immediate improvement in 
performance without the expanded memory manage- 
ment and protection functions. 

In the protected mode, the values used in seg- 
ment registers differ from those used in real mode. 
Thus, to move 8086 code into the protected mode, 
the code must be reassembled or recompiled. Ulti- 
mately, however, still higher performance, coupled 
with the hardware-based memory management and 
protection features, more than compensates for the 
time spent in making the conversion. 


Please rate the value of this article to you by 
circling the appropriate number in the ‘‘Editorial 
Score Box’’ on the Inquiry Card. 


High 722 Average 723 Low 724 
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Gould Development Systems 


The 9516S Microsystem 
Integration Station. 

If your microprocessor software has 
been developed on a VAX” or PDP- 
11,” only one emulator lets you 
download your executable code for 
total standalone debugging. 

The Gould 9516S Microsystem 
Integration Station. 

It's DEC-compatible so there’s no 
need for software conversion. 

Because it’s standalone, you leave 
your host free for other projects, 
including continual code 
development. 

The fact is, with an RS-232-C 
interface, you can use the 9516S with 
any host computer or development 
system. 


Multi-lce" supports four Ps 
at once. 


For debugging multi-processor sys- 
tems quickly, the 9516S Multi-lce~ 
lets you control and monitor any 
combination of four 8- or 16-bit 
microprocessors. 


Simultaneously. In parallel. And in 
real-time. 

Which means instant hardware 
communications between micropro- 
cessors. Synchronization of program 
execution. And interleaved display of 
independent trace buffers. 

You can perform logic trace analy- 
sis. High speed memory emulation. 
Complex and super breakpoints. 


Built-in procedural language 
interpreter. 
The 9516S procedural language 
interpreter is a very powerful yet flexi- 
ble tool derived from the high-level 
“C” programming language. It offers 
you a debug environment much 
like your own high-level programming 
environment, giving you the option 
of bypassing assembly language. 
During debug and systems inte- 
gration, it lets you manipulate and 
display data, access system 
resources, and control those 
reSOUICces. 


In short, the procedural language 
interpreter will dramatically increase 
your effectiveness and productivity. 

You can interrogate and make 
decisions based on real-time infor- 
mation from the 9516S hardware 
resources. Including software pro- 
gram analysis. Automatic test set-up 
and execution. Simulation of target 
hardware. And post-processing 
analysis. 


No more “wait states.” 

With the 9516S you can specify up te 
8 complex and 4 super breakpoints. 
Use 80 channel and 1,024 word- 
deep trace memory for exceptionally 
qualified logic trace. Or gather infor- 
mation in real-time and display it— 
while the target system continues to 
be emulated. 


The world’s fastest 68000 
Emulator. 


And now we've added the world’s 
fastest 68000 Emulator to the 9516S, 


————— 


Clearly the Best. 


a new option that emulates in real-time 
at clock rates up to 12.5 MHz. 

Its instruction prefetch is moni- 
tored by a unique tracking circuit that 
enables accurate real-time trace 
and breakpoint capabilities. So now 
you can break on conditions exe- 
cuted by the 68000 processor as well 
as those appearing on the bus. 
Uncompromising dedication to 
high performance. 

At Gould, we believe in making every 
instrument clearly the best. 

The standalone capability, 
procedural language interpreter, 
multi-processor control and human 
interface characteristics of our 9516S 
are evidence of that commitment 
to excellence. 

For detailed application notes or a 
demonstration, write Gould, Inc., 
Design & Test Systems Division, 4600 
Old Ironsides Drive, Santa Clara, 

CA 95050-1279. 


For fastest response, call toll-free: 
Nationwide (800) 538-9320; In 
California (800) 662-9231 or 
(408) 988-6800. 


The Gould 9516S Microsystem Integration System supports any combination 
of 68000, 8086, 8088, 78001, Z8002, 68BO9E, 8085A and Z80A micropro- 
cessors. It includes a 1 megabyte thinline double-density, double-sided floppy 
disk drive. Its RS-232-C port lets you interface with any minicomputer for 

fast, effective software development. 
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If your company already has a 
VAX or IBM-compatible mainframe, 
you’re sitting on a vast, untapped 
resource for better, faster micropro- 
cessor development. 

Just add either our XDS-68 or 
XDS-86 cross-support software, and 
you can begin to realize shorter develop- 
ment cycles—with better end product— 
almost immediately. 

These products allow programmers 
to use your mainframe as a micropro- 
cessor development system and, thus, 
take advantage of its power, speed and 
software tools. Programmers also share 
information from a common data base, 
to improve their productivity and keep 
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you up-to-date on the status of the 
project. 

Because our XDS-68 and XDS-86 
systems permit all code to be written on 
the same machine, using common tools, 
software integration problems all but 
disappear. So you end up with a better 
product — faster. 

Both the XDS-68 (for use with the 
68000 family) and the XDS-86 (for 8086 
development) include a Pascal compiler 
and macro assembler that generate relo- 
catable code, a resolver that links 
compiled and assembled routines, run- 
time support and comprehensive docu- 
mentation. In addition, the XDS-86 
features PL/M-86 language compiler 
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ONE-THIRD 


and ICE-86™ debugger support 

You can purchase either the 
XDS-68 or XDS-86 for just $8,500 or 
about one-fifth the cost of many multi- 
user, microprocessor development 
systems. 

But don’t take our word for the 
cost efficiency of these products. 
Instead, consider the fact that they’ve 
already been purchased by companies 
like IBM, Honeywell, Raytheon, 
Motorola and Texas Instruments. 

The XDS-68 and XDS-86 cross- 
support systems are so cost efficient, 
they could help you get a new computer 
almost free. For complete details, call or 
write Language Resources today. 


language 
Resources’ 


Telephone: 303/449-8087. Telex: 4992706 
4885 Riverbend Road, Boulder, Colorado 80301 


CIRCLE 106 


SPECIAL REPORT ON MICROPROCESSORS/MICROCOMPUTERS 


COPROCESSORS SPEED 
FLOATING POINT 
CALCULATIONS 


Operating in a master/slave relationship with an NS16032 
processor, this dedicated floating point chip executes 
high speed numeric computations as ordered. 


by Moshe Gavrielov, 
Asher Kaminker, and 
Yom-Tov Sidi 


Attempting to pack greater functions onto single- 
chip microprocessors, manufacturers eventually 
run out of silicon real estate. One way to enhance a 
microprocessor’s computational power without 
enlarging the basic chip is through the concept of 
coprocessing—building a dedicated slave chip that 
takes orders directly from the processor’s central 
processing unit. 

This is the principle behind National Semicon- 
ductor’s NS16081 Floating Point Unit (FPU), a dedi- 


Moshe Gavrielov is a microprocessor design engineer 
at National Semiconductor Inc, 2900 Semiconductor 
Dr, Santa Clara, CA 95051. He holds a BSEE from the 
Technion Institute of Technology, Haifa, Israel. 


Asher Kaminker is an engineering manager at 
National Semiconductor. He holds a BSEE and an 
MSEE from the Technion Institute of Technology. 


Yom-Tov Sidi is a microprocessor design engineer at 
National Semiconductor. He holds a BSEE from the 
Negev University, Beer Sheva, Israel. 


cated arithmetic processor that performs floating 
point computations for the NS16032 high perfor- 
mance 32-bit microprocessor. 


Slave processing—master commands, slave obeys 

The master/slave relationship between the NS16032 
central processing unit (CPU) and the NS16081 FPU is 
one technological solution to the problem of 
conserving silicon area while upgrading micro- 
processor capabilities. As semiconductor tech- 
nology improves, processor support chips, such as 
floating point and memory management units, will 
be incorporated onto the same chip with the CPU. 
For now, however, the next best approach is the 
hardware extension chip as exemplified by the 
master/slave technique. 

With this approach, the CPU and FPU operate 
together in a manner transparent to the user’s soft- 
ware. Responsibility for executing all nonslave 
instructions resides in the 16032’s CPU. When it 
detects a slave instruction, such as for the FPU, the 
CPU invokes a special protocol to inform the slave 
of its selection. Instruction opcodes and operands 
are then transferred to the slave. In the case of the 
FPU, it performs the required computations and 
informs the CPU upon completion. The CPU proceeds 
to strobe the slave to obtain its status and arith- 
metic results. The status word updates the CPU’s 
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NS16032 Floating Point Instructions 


Instruction Description 


MOVf Move a floating point value 

MOVDF Move and convert from double precision to 
single precision 

MOVFL Move and convert from single precision to 
double precision 

MOVif Convert integer to floating point 


ROUNDfi Convert floating to integer. Round to 
nearest, if rounding is necessary 


TRUNCfi Convert floating to integer. Round to zero, 
if rounding is necessary 


FLOORfi Convert floating to integer. Round to 
minus infinity, if rounding is necessary 


ADDf Add 

SUBf Subtract 

MULf Multiply 

DIVf Divide 

CMPf Compare 

NEGf Negate 

ABSf Take absolute value 

LFSR Load FSR 

SFSR Store FSR 

iis integer length suffix— = Byte 
Word 
Double word 


f is floating point length suffix— Single precision 
= Double precision 


status register and can invoke a trap-handling rou- 
tine if an abnormal situation such as an overflow 
occurs. 

All data and instruction transfers flow across a 
16-bit bus connecting the two devices. The FPU 
uses CPU status bits STO and ST1 to differentiate 
between various types of 200-ns transfers. The 
CPU’s SPC line serves as the data-strobe output for 
slave processor transfers, and a slave uses it to 
acknowledge completion of an instruction. 

Partitioning capabilities between the two chips 
allows the slave instructions to enjoy all CPU 
addressing modes without an investment in slave 


Floating Point Operation Execution Time Comparisons 


"With FPU Add/Subtract Multiply Divide 


Register to 
register 7.4 7.4 4:8 6.2 8.9 11.9 


Memory to 
register 8.5 9.6 6.9. 8:4 10.0 14.1 


Register to 
memory 9.6 11.8 7.0 10.6 Aig1°.16:8 


Memory to 
memory 11.1 14.4 Bids ose 12.6 18.9 


With FPP 1330 1500 1300 1700 1300 1950 
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chip area. Just a very small portion of the slave’s 
silicon is required to maintain the protocol with the 
CPU. The CPU contains a special configuration reg- 
ister that records the presence or absence of slave 
processors in the system. 

When the CPU encounters a slave instruction for 
which there is no slave processor, it executes an 
undefined trap. This permits software emulation of 
the slave in applications where time is not critical. 
It also allows upgrading of emulated slave systems 
without changing the user’s software. In addition 
to the FPU, the NS16032 can operate in a 
master/slave relationship with the NS16082 memory 
management unit and with custom (user definable) 
slave processors. 


Floating point improves performance 

An integral part of the NS16032’s command set 
are the floating point instructions. The NS16081 is 
designed to support these instructions by providing 
high speed arithmetic execution, fast communica- 
tion with the CPU, and conforming with the IEEE’s 
Floating Point Standard. 

In a typical operation, the CPU decodes the 
floating point opcode and proceeds with the initial 
execution steps. Table 1 lists the CPU’s floating 
point repertoire. A typical floating point instruc- 
tion has two operands that are accessible by all of 
the CPU’s operating modes. This provides architec- 
tural symmetry, but requires the CPU to perform 
effective-address calculations. 

If there is an FPU in the system, the CPU’s con- 
figuration register should be set appropriately (CFG 
F bit = 1). If the system has no FPU, a trap is gen- 
erated that invokes a software-emulated floating 
point routine. The CPU fetches floating point oper- 
ands and opcodes, and tranfers them to the FPU via 
a slave communication protocol. The FPU executes 
the instructions and returns the status of the com- 
putation and the results to the CPU, where they are 
stored in memory. 

As shown in Table 2, there is a significant 
execution-time difference between floating point 
instructions performed by an FPU hardware pro- 
cessor and through software emulation. In most 
cases, FPU execution time is about 100 times faster 
than the software routine. Execution times pro- 
vided in Table 2 are maximum times for three of 
the most common routines. Times listed are in 
microseconds for 10-MHz clock rates. In the FPU 
columns, the first value is for single precision, the 
second for double precision. All times are for an 
entire instruction cycle, including CPU operand 
addressing, and CPU/FPU communications via the 
slave protocol. 

The FPU supports both single (32-bit) and double 
(64-bit) precision operands. This conforms with 
draft 10.0 of the IEEE Standard for Binary Floating 
Point Arithmetic. Conversion instructions can 
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The IEEE Floating Point Standard 


IEEE Task P754 defines methods to perform floating 
point arithmetic by specifying number formats, oper- 
ations, rounding modes, and exception handling. 
Floating point and integer formats handled by the 
NS16081 FPU are shown in the Figure. A floating point 
number in these formats is defined as 


(—1)S x 2°-8 x 1.F 


where S is the sign, E is the exponent, F is the frac- 
tion, and B is the bias— 127 for single precision and 


convert 8-, 16-, or 32-bit integers into any of the 
floating point formats and vice versa. Further 
details on the standard can be found in the Panel, 
‘‘The IEEE Floating Point Standard.”’ 


A 3-block architecture 

As shown in Fig 1, the FPU consists essentially of 
three major architectural blocks: the control unit is 
responsible for controlling the arithmetic execution 
flow; an execution unit uses parallel dedicated 
hardware to achieve fast execution of arithmetic 
operations; and an interface and storage unit is 
responsible for managing the fast master (CPU) to 
slave (FPU) protocol. 

The control unit is responsible for internal data 
transfers between the execution and interface units 
and for the activation of all the execution unit’s 
subblocks. Parallel activation of all the subblocks 
was the major design goal. This was implemented 
by using horizontal microcode with a separate field 
for each unit. 

Opcode decoder controls the first block of the 
control unit, the entry point generator, which 
defines the beginning of the microcode sequence. 
This block feeds into a micro read only memory 
(ROM) store, which contains 450 (20-bit) control 
words, including 70 words dedicated to test rou- 
tines. Each word is composed of four fields, three 
for control of the execution unit’s major blocks 
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1023 for double precision. Positive and negative 
zero are represented by an all zero exponent, and a 
fraction having a O or 1 sign bit, respectively. 

According to the standard, floating point numbers 
must be available in at least the single-precision for- 
mat. Additional formats defined but not obligatory in- 
clude double, single extended, and double extended. 
The FPU supports the single and double formats. A 
software floating point package adds the double 
extended format. Additional numbers represent re- 
served operands such as infinities (plus and minus), 
zero (plus and minus), Not a Number (NaN), and 
denormalized numbers. The denormalized numbers 
are used to implement gradual underflow. 

The standard defines the following operations: 
addition, subtraction, multiplication, division, com- 
parison, square root, remainder, conversion between 
floating point formats, and conversion to and from 
decimal and integer formats. The result of each oper- 
ation is required to be infinitely precise, and only then 
rounded according to the appropriate rounding mode. 

Four rounding modes are defined: round to the 
nearest even, to zero, to plus infinity, and to minus 
infinity. These modes affect all arithmetic operations, 
and a user must be able to choose among them. 

There are five exceptions that must be flagged 
when they occur: division by zero, overflow, under- 
flow, invalid operation, and inexact result. If an 
exception occurs and its enable flag is activated, a 
trap must occur. If the flag is not activated, the stan- 
dard defines the default result. 


and one for sequencing to the next operation. This 
horizontal approach is partially responsible for the 
FPU’s extremely fast throughput. 
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Fig 1 Control, execution, and input/output handling are 
the major functional breakdowns in the NS16081 FPU. Parallel 
execution of arithmetic computations and special hardware- 
implemented algorithms are key elements in the chip’s high 
speed capabilities. 


Lilog’s Z8 single-chip microcomputer 
gives you 30% more performance with 
30% less code than the SOSI. 


ZILOG'S Z8 MCU ELIMINATES 
THE ACCUMULATOR BOTTLE— 
NECK, providing the fastest pro- 
cessing capability available in a 
single-chip microcomputer. The Z8 
MCU'’s general-purpose register 
architecture operates on data directly 
in registers or ports, eliminating the 
need to first move data to the 
‘accumulator. As shown, a simple 
_addition in the Z8 MCU requires 
‘only one instruction and executes 
‘much faster than Intel’s accumulator- 
‘oriented 8051. In most applications, 
ithe Z8 MCU operates at least 30% 
faster, with 30% less code! 

This device has other advanced 
features, including 128 bytes of RAM 
and 4K bytes of ROM, hardware 
port handshake, a UART and two 
counter/timers. 
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ZILOG’S NEW 
ZSCAN-8™ EMULA- 
TOR MAKES CODE 
DEVELOPMENT A SNAP, TOO! 


The ZSCAN-8 is a CRT-based, 
menu-driven, in-circuit emulator 
containing full trace memory and 
breakpoint capabilities. And it’s aes 
host-independent, so it minimizes City 
development costs by allowing you 
to work with your existing Zilog, State 
Intel, or CP/M® development system. Bhionhe 
There isn't a better, faster 8-bit 
computer-on-a-chip solution than 
Zilog’s Z8 MCU. Ask anyone who 


uses them, or find out for yourself. ® 
Fill out the coupon and mail to: 1 O 
Zilog, Inc., Components Tech. Publi- 
cations, 1315 Dell Avenue, MS A1-4 


Campbell, CA 95008. Or call Pioneering the Microworld 
TOLL FREE 800-272-6560. An affiliate of EXON Corporation 
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Z8 is a registered trademark of Zilog, Inc. 
ZSCAN is a trademark of Zilog, Inc. 
CP/M is a registered trademark of Digital Research Inc. 


FIELD 1 FIELD 2 FIELD 3 FIELD 4 FIELD 5 
4 BITS 4 BITS 4 BITS 7 BITS 1 BIT 


FIELD 1 FIELD 2 FIELD 3 
1 BIT 4 BITS 7 BITS 


Fig 2. The arithmetic execution unit runs under the 
command of a dedicated microcontroller whose instruction 
and address fields are shown here. Each microinstruction 
contains a part of the address of the following 
microinstruction, making high speed operation possible. 


The proliferation of special cases in the IEEE stan- 


dard and the intricacy of implementing floating 
point arithmetic both profoundly affect the FPU’s 
internal architecture. For example, in order to 
avoid long, time-consuming ‘‘check and branch’’ 
sequences in the microcode, a nonprogram-counter 
method of sequencing is used. Each microinstruc- 
tion includes part of the next microinstruction’s 
address. It also includes a condition code that, 
together with the status of the execution unit, 
defines the full address. The micro sequencer 
defines the next address. Fig 2 illustrates the micro- 
instruction structure, which is divided into two 
parts: a micro ROM instruction and a micro ROM 
address. 

As shown in the figure, the 20-bit microinstruc- 
tion is divided into five fields. Field 1 is dedicated 
to the fraction processor; fields 2 and 3 are used by 
all other blocks; field 4 determines address field 3 
of the next microinstruction; and field 5 is a wait 
bit used to synchronize the microcontroller with 
the asynchronous blocks. 

Further, the 12-bit micro ROM address is parti- 
tioned into three fields. Field 1 is a prefix assigned 
by the slave sequencer; field 2 contains data 
resulting from the condition code and serving to 
implement conditional branching; and field 3 is 


Mnemonic 
MUL 12 
STOR 


MUL 
ADDEX 
MUL 15 
OPEQO 
MUL 16 
WAIT 
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TABLE 3 


MUL 12: STOR MUL ADDEX MUL 15/OPEQO, MUL 16/NOPEQO WAIT 
Definition 
Address of the current microinstruction 


Move data from the fraction processor shifter to the fraction 
processor recoder 


Commence multiplication 

Add the exponents 

Next address field if the operands equal O 
Condition code detects O operands 

Next address field if the operands do not equal O 


Perform the current microinstruction only when the execution 
of the previous microinstruction has been terminated 


determined by the instruction field of the previous 
microinstruction. Table 3 shows a typical line of 
microcode for a multiplication. 


Computing arithmetic values 

All numerical computations of the FPU are per- 
formed in the execution unit. It consists of three 
computation units—the sign, exponent, and frac- 
tion processors—and a control unit, the fraction 
sequencer; all four units operate in parallel. 

Arithmetic operations are always initiated by the 
microcontroller. Fields 2, 3, and 4 control the sign 
and exponent processors and the fraction sequencer. 
On the other hand, the fraction processor is under 
the control of both the microcontroller and the 
fraction sequencer. 

As the smallest part of the execution unit, the 
sign processor is responsible for computing the sign 
of the result. Aside from handling the operand 
signs, the exponent and fraction processors may 
provide additional information. For example, an 
addition sign depends upon the magnitudes of the 
addends when they have different signs. Typical 
sign processor operations include load operand 
sign, store result sign, and complement sign bit. 
The exponent processor’s three internal registers 
and fast 13-bit arithmetic logic unit (ALU) compute 
the exponent of an arithmetic result. The ALU adds 
and subtracts exponents. 

Data often flow between the exponent processor 
and fraction sequencer. For example, the exponent 
processor informs the fraction sequencer of any 
difference between the exponents of the operands 
during addition and subtraction. This permits 
alignment of the operand’s fractions before addi- 
tion or subtraction is performed. Similarly, the 
fraction sequencer notifies the exponent processor 
of the number of shifts performed during normali- 
zation of a result, allowing a correct exponent to be 
generated for the result. In addition to exponent 
computations, the exponent processor detects 


Typical Line of Microcode 


Now you can get clear, clean, In most cases, simple BNC cables 


9 . , , P 
photographic-quality mono- are all that's required. 
If you ve been chromatic copies from your If you already have a VGR 4000 
waitin for color display in 14 seconds. Video Graphic Recorder, you can 
The new Honeywell VGR 4000 easily convert it with the new RGB 


e 
RGB Interface is com- Interface package. 
hard copies from patible with many For all applications in which the 
color video sources, cost of color hard copies is not eco- 
your color dis lay, accepting a wide nomically justified, the Honeywell 
VGR 4000 RGB is your ideal choice. 


variety of display formats. 
pounce on this. Images can be produced For complete details, call Durke 


with up to 16 shades of gray — a Johnson at (303) 773-4818. Or write: 
true continuous-tone print. Honeywell Test Instruments Division, 
Interface is readily accomplished. Box 5227, Denver, CO 80217. 


Together, we can find the answers. 


Honeywell 
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Fig 3. A slave sequencer controls transactions between the 
FPU and its master, the cpu. All transactions depend upon 
the SPC pulse, which controls information flow from the 


CPU to the FPU and vice versa. 


prohibited operands such as zero divisors and illegal 
operands. It also looks for anomalous results such 
as under and overflows. 

Fraction calculations are handled by the fraction 
processor and sequencer. In contrast to the sign 
and exponent processors, which are sequenced 
entirely by the microcontroller, the fraction 
sequencer is only initiated by the microcontroller. 
It proceeds to sequence through a series of transi- 
tions while the microcontroller remains idle. A 
finite state machine and a counter in the fraction 
sequencer govern transitions. At the conclusion of 
the transition sequence, the state machine returns 
to its starting state and informs the microcontroller 
to continue. This type of control is necessary to 
implement the fast algorithms used for fraction 
computations. 

Both the microcontroller and fraction sequencer 
control the fraction processor. During most com- 
putations, it is necessary for both units to send 
simultaneous control signals to obtain correct 
results. The fraction processor consists of seven 
special purpose registers that communicate over an 
internal data bus. The bus transfers data between 
registers, and the registers shift the operands and 
partial results during normalization, alignment, 
multiplication, and division. Some of the registers 
input to special arithmetic units such as the recoder 
and carry-save adder. The recoder recodes oper- 
ands, while the carry-save adder accelerates mul- 
tiple additions. This concept of parallelism is vital 
in the execution unit. Together with the unique 
hardware implemented algorithms, the FPU offers 
high speed and exceptional arithmetic capabilities. 

Besides handling communication with the CPU, 
the interface and storage unit buffers operands and 
results between the CPU and FPU, and contains all 
user accessible registers. 
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CPU/FPU transactions are under the control of a 
finite state machine, the slave sequencer. Sequencing 
between states is controlled by the SPC pulses 
according to the stage of the protocol (Fig 3). The 
first stage is to recognize the FPU slave identifica- 
tion. The slave sequencer then latches the FPU 
instruction into its instruction register. Following 
this, the sequencer loads operands sent one word at 
a time from the CPU into a 16-word x 8-bit register 
file, called the queue. 

The queue buffers operands and results passed 
between the CPU and FPU, aligning them with the 
64-bit internal data bus. This is not necessary in all 
addressing modes, since operands in some cases are 
in the FPU. Next, the slave sequencer informs the 
microcode sequencer that it can start a computa- 
tion. When the computation is complete, the slave 
sequencer informs the CPU using the bidirectional 
SPC line, and strobes the result and status from the 
queue to the CPU. 

In addition to the slave sequencer and queue, the 
interface and storage unit contains a register file 
and a 32-bit floating status register. Within the reg- 
ister file are eight 32-bit user accessible floating 
data registers that can be paired to form 64-bit 
double-precision registers. 

The entire IEEE Floating Point Standard is 
implemented in a software floating point package 
(FPP). This permits partitioning of floating point 
functions among three components: the NS16081 
FPU, the NS16032 CPU, and the FPP. The CPU pro- 
vides floating point instructions for all NS16000 
addressing modes. The FPU executes all the com- 
mon instructions at high speed, and the FPP fills all 
the gaps in the FPU by providing those functions 
necessary to conform fully to the IEEE standard. 

In applications where time is not critical, the FPP 
executes an emulation mode for the FPU. Through 
the slave processing concept, this allows the devel- 
opment of software for arithmetic purposes with- 
out the FPU. But if faster execution is required, the 
FPU can be integrated into the system without 
making any changes to the original software. 


Please rate the value of this article to you by 
circling the appropriate number in the ‘‘Editorial 


Score Box’’ on the Inquiry Card. 
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More Multibus. And less. 


VMC 186 VIDEO MONITOR CON- 
TROLLER 80 Character X 24 
line alphanumeric and limited 


graphic display. Upper and—___ 


lower case, Reverse, half-in- 
tensity, flashing, and under- 
line attributes 


FDC 1680 FLOPPY DISK CON- 
TROLLER WITH 16K RAM 4 sin- 
ale density drives. Automatic 
MA into the dual-ported 
on-Board 16K RAM 


SMD 2181 STORAGE MODULE 
CONTROLLER Same as SMD 
2180 except damned fast 
DMA 24 bit addressing, 11 bit 
Error Correction, software 
selectable sector size and 
interleave. Can transfer a full 
track in one disk revolution. 


WDC 2880 WINCHESTER DISK 
CONTROLLER Up to 8 drives 
with ANSI X3T9.3 interface 
Very high speed DMA, 20 
bit address. Software selec- 
table sector size and inter- 
leave factor. 11 bit Error 
Correction. ~ 


We're constantly at work 
sah new Capabilities 
for Multibus 


LAN 5180 LOCAL AREA NETWORK 
CONTROLLER Up to 255 de- 
vices are supported on a 
coaxial cable. Data rates up to 
2 Mb/Sec. SDLC/HDLC pro- 
tocol, 20 bit DMA, automatic 
transaction completion, mail- 
boxes. First in a family of 
LAN products 


HDC 1880 HARD DISK CONTROL- 
LER Up to 4 cartridge (5440 
y e) disk drives righ speed 

bit DMA. Automatic Retry, 
ECC, switch selectable sector 
size and interleave 


SMD 2180 STORAGE MODULE 
CONTROLLER Up to 4 SMD 
compatible drives (including 
CDC LARK), 8-300 MBytes, 
bit rates to 20 Mb/S. High 
Speed 20 bit DMA, ECC, 
switch selectable sector size 
and interleave. 


Now, the most talented Multibus specialists in the with less cost. And more support with less hassle. 

country bring you more Multibus options than ever When you're ready to expand your Multibus 

before. And less. capabilities, talk to us. We're the specialists who 
More technology with less risk. More function give you more. And less. 


Entire rigid disk controller family is software interchangeable. Automatic completion of simple multisector commands, automatic recovery from errors, bad track 
mapping, full sector buffering, extensive diagnostic reporting. Variable burst DMA in 8 or 16 bit systems. Software drivers and disk subsystems also available 


Bo INTERPHASE 


corporation 


We stay ahead of our competition so you can stay ahead of yours. 
2925 Merrell Road/Dallas, Texas 75229/(214) 350-9000 


MULTIBUS™ is a registered trademark of Intel Corporation CIRCLE 100 
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MICRO FLOPPYDISK 


lf your mass storage needs are truly 
massive, but your space is minuscule, 
get out your scissors. And get in on the 
cutting edge of Sony technology. 

The innovative Sony double 
sided, double density Micro Flop- 
pydisk is only 342” on a side, but 
a whole Megabyte deep. 

And you can fit two Sony 32” 
drives into the same cubic space 
as one ordinary 544” unit. Think 
of all the programs and applica- 
tions that will hold. And, drive for 
drive (1 Meg or 500 K), Sony costs 
no more. 

Try this Sony on for size. When 
you see how well it fits your needs, 
we'll get you aS many as you want. 

Fully assembled. 


CUT HERE TO INSERT SONY 3} 


For more data, call (N.J.) 201-930- 


6030 or (Calif.) 415-961-9060. 
How to assemble life-size Sony 
Micro Floppydisk system: Remove 


these pages and paste to cardboard. 


Cut out 342” Micro Floppydisk, front 


panel of drive, and remainder of 
drive (cutting around tabs). No, you 
haven't lost the back panel. We 
didn't include it. Now cut slots for 
tabs and cut space in front panel for 
disk. Fold, and insert tabs, where 
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indicated. Now see how comfortably 
one Megabyte fits into the prototype 
of your choice. 


SONY. 


Data Products 
Sony Communications Products Company 
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that you can build a portable, battery-operated computer 2 
with built-in MODEM and LCD display that synthesizes speech, 
tells time, reads temperature, voltage, or MPH, drives your 
printer, relay, or robot's arm, times events, “sleeps” when it’s 
not in use, and, lives in your briefcase! 


And you can get all the ICs from Hitachi. 


e CMOS 4, 8, 16-Bit Microprocessors e CMOS Real Time Clock e CMOS Speech Synthesizers 
e CMOS RAMs e CMOS Programmable Timers e CMOS Gate Arrays 

e CMOS ROMs e CMOS Peripheral Interface |Cs e CMOS A/D Converters 

e CMOS EPROMs e CMOS LCD Drivers e CMOS Logic 


e LCD Displays 


If youre planning some new “dream” product design 
(perhaps a computer that fits in a matchbox), give us a call. 
We've been doing the “impossible” in CMOS for some time. 


For more information about the CMOS Family, contact your 
local Hitachi Representative or Distributor Sales Office. 


FAST ACTION 


To obtain product literature immediately, 


CALL TOLL FREE 
4-800-842-9000, Ext. 6809. 
Ask for literature number 703. 


HITACHI 


A World Leader in Technology 


Hitachi America, Ltd. 
Semiconductor and IC Sales and Service Division 
1800 Bering Drive 
San Jose, CA 95112 
1-408/292-6404 
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HOW TO BUILDA 
STATE OF THE ART SYSTEM 
WITHOUT LIVING INA 
STATE OF ANXIETY. 


There are simpler things than 
working on the ragged edge of 
technology. We know. We live there. 

Which is one of the reasons Intel 
is the one company uniquely qualified 
to relieve your worries. 

Another is because when we pro- 
duce the leading edge in commercial 
& military microprocessors (which is 
rather often), we don't do it in a vacuum. 

Every new processor, including 
our new 186 and 286 works with the full 
set of peripherals. 

And the standard MULTIBUS® 
interface. 

And Ethernet* just in case youve 
got networking on your mind. 

We can remedy your software 
problems, too. With four different 
operating systems, and five languages 
each for 8- and 16-bit microprocessors. 

All these standards mean you get 
to market fast, fast, fast. And get to 
spend your money on more important 
things. Like your unique application 
software, for instance. 


*Ethernet is a trademark of Xerox Corporation 


Want to improve performance, 
reduce development headaches, and 
speed up the overall design effort? 
Take our software in silicon chips. 

You'll feel better about our design 
support, too. From distributed Network 
Development Systems complete with 
Project Management Tools to portable 
development systems to the latest in 
VLSI instrumentation. 

Plus over 125 field applications 
engineers who make house calls. And 
more than 1,000 customer workshops 
each year. 

Call us at (800) 538-1876. In 
California, (800) 672-1833. Or write 
Intel, Lit. Dept. Z 12, 3065 Bowers 
Avenue, Santa Clara, CA 95051. And 
welll see you get a copy of our full line 
product guide. 

Because if youre going to push 
the state of the art, you should do it with 
someone who knows how it feels. 

7 ‘delivers 
In solutions 
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THE 


WINCHESTER 


BACKUP 
SYSTEM 


Just plug it in your computer system. No additional 
hardware or software is needed. Transfer data to a 
17.2 megabyte tape cartridge. Perform file search, 
update records, edit and reformat data. Use it 
for Winchester backup, data logging, or 
archival storage applications. Interfaces 
are built-in for RS-232, Multibus, 

S-100, 8-bit parallel, or Ohio Scien- 
tific. For full details on the Model 
150 contact: North Atlantic 
Qantex, 60 Plant Avenue, 

Hauppauge, NY 11788 
(516) 582-6060 
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SPECIAL REPORT ON MICROPROCESSORS/MICROCOMPUTERS 


POWERFUL 32-BIT 
MICRO INCLUDES 
MEMORY MANAGEMENT 


Managing a 4G-byte address space, this 32-bit microprocessor 
does address translation and access protection. 


by Donald Alpert 


Memory management is becoming an indispensable 
tool for microprocessor-based system designers. 
Thus far, because of semiconductor technology 
limitations, 16-bit microprocessor families have been 
unable to offer both memory management and cen- 
tral processing unit in the same integrated circuit. 
Soon, however, Zilog’s Z80,000 32-bit microprocessor 
will do just that. 

This compatible extension of the Z8000 architec- 
ture will be available in the spring of 1984. Until 
then, a combined Z8003 virtual memory processing 
unit and Z8015 paged memory management unit 
system can implement a subset of the Z80,000 
memory management feature. This opens the path 
for migration from 16- to 32-bit microprocessor 
systems. 

There are two primary advantages of having 
memory management and central processing unit 
(CPU) on one chip: a parts-count reduction, and a 
memory access time improvement. Memory man- 
agement itself provides access protection and ad- 
dress translation—two valuable attributes. 


Donald Alpert is a component architect at Zilog, Inc, 
1315 Dell Ave, Campbell, CA 95008. He is 
responsible for the Z80,000 microprocessor 
architecture. Mr Alpert holds an MSEE from Stanford 
University. 


Access protection ensures that proprietary por- 
tions of memory, or those portions concerned with 
crucial operating system functions, are protected 
from tampering. Address translation, the process 
of mapping logical to physical memory addresses, 
streamlines system performance. It allows pro- 
grams to be relocated in memory, thus freeing the 
operating system from rigid allocation constraints. 

Another memory management attribute, virtual 
memory, allows programs to execute even when 
only part of the required memory is available in the 
form of random access memory (RAM). The rest of 
the program can be stored on disk. Thus, virtual 
memory improves a system’s cost/performance by 
permitting programs to execute on systems with 
varying amounts of memory. 


System architecture 

Compatible with zs000 family application soft- 
ware, operating systems, and peripheral compo- 
nents, the Z80,000 CPU enhances addressing, register 
files, instruction sets, and external interfaces. 
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16 15 


64K BYTES 


Fig 1 The z80,000 CPU supports three address representation 
modes—compact address (a), segmented address (b), and 
linear address (c). The 16-bit, compact addresses are 
preferred when less than 64K bytes are addressed. 
Segmented mode offers two segment sizes (64K and 16M 
bytes). Linear mode provides uniform access to 4G bytes. 


Logical 32-bit addresses offer direct access to 4G 
bytes of memory in each of four address spaces: 
system instruction, system data, normal instruc- 
tion, and normal data. 

The CPU has three address representation 
modes—compact, segmented, and linear—selected 
by 2 control bits in the flag and control word 
register (Fig 1). Using compact mode, applications 
that require an address space smaller than 64K 
bytes can take advantage of the dense code and 
efficient use of base registers with 16-bit, compact 
addresses. Although programs executing in com- 
pact mode can only manipulate 16-bit addresses, 
the logical address is extended to 32 bits before 
translation. This is accomplished by concatenating 
the program counter register’s 16 most significant 
bits (MSBs). 

Segmented mode supports two segment sizes—64K 
and 16M bytes. The MSB of the 32-bit address is used 
to select a 15-bit segment number with 16-bit offset, 
or a 7-bit segment number with 24-bit offset. Thus, 
up to 32,768 of the smaller segments and 128 of the 
larger segments are available to the programmer. In 
segmented mode, address calculations involve only 
the segment offset; the segment number is unaf- 
fected. Allocating individual objects such as a pro- 
gram module, stack,or large data structure to 
separate segments, lets many applications benefit 
from segmentation’s logical structure. 

The 32-bit addresses in linear mode provide 
uniform and unstructured access to the 4G bytes of 
memory. Some applications benefit from linear ad- 
dressing’s flexibility by allocating objects to ar- 
bitrary locations in the address space. 

The Z80,000 CPU’s register file includes sixteen 
32-bit general purpose registers that can be used as 
data accumulators, index values, or memory ad- 
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dresses. The instruction set is oriented toward 
compilation of high level language programs. Nine 
addressing modes can combine with operations on 
many data types including 8-, 16-, and 32-bit in- 
teger and logical values; bits; bit fields; packed 
binary coded decimal bytes; and dynamic length 
strings. Call, enter, exit, and return instructions 
perform procedure linkage. The z8070 arithmetic 
processing unit, a coprocessor, implements floating 
point arithmetic. 

While the CPU also provides separate operating 
modes and corresponding address spaces for system 
and application software, only programs in the 
system mode are allowed to execute sensitive instruc- 
tions controlling interrupts and memory man- 
agement. The memory management mechanism 
grants the system mode programs access to memory 
areas inaccessible to programs operating in the less 
privileged, normal mode. Furthermore, the two 
operating modes use separate stacks. Sensitive 
operating system parts usually execute in system 
mode, where they are protected from potential 
errors and mischief. Normal mode programs use 
both the system call instruction and trap to request 
operating system services. 

An onchip cache for instructions and data is also 
included in the CPU. This highly pipelined design 
can execute 1.0 to 1.5 million instructions per second 
(MIPS) at a 10-MHz clock frequency, and up to 3.5 
MIPS at the 25-MHz clock rate. A system designer 
can fine tune performance by selecting not only the 
clock rate, but also the access time and data width 
for the memory. For two memory regions, the CPU 
can be programmed to control both the number of 
wait states automatically inserted, and whether the 
data path is 16 or 32 bits. Given these options, a 
system can easily accommodate a slow, 16-bit wide 
bootstrap read only memory in one memory 
region, and a fast, 32-bit wide RAM in another 
region. In addition, the CPU supports an optional 
burst transfer of several memory words from con- 
secutive addresses. This makes it easy to use with 
‘‘nibble mode’’ RAMs. 


Organizing memory management 

The CPU and operating system cooperate to 
translate a program’s logical addresses into phys- 
ical addresses that are used to access memory. The 
CPU’s paging scheme is similar to that in most 
mainframes and superminicomputers. First, the 
operating system creates translation tables in 
memory, then initializes pointers to the tables in 
control registers. The CPU automatically references 
the tables to perform address translation and ac- 
cess protection for each memory reference. 

To manage the 4G-byte logical address space, 
the translation scheme divides it into fixed-size, 
1K-byte pages. The logical address’s 22 high order 
bits select a page in the address space, while the 10 


Amnesia 
victim. 


Without reliable battery support, your micro- 
processor-based product’s volatile memory 
could get a bad case of amnesia... with your 
customerasthe ultimate victim. Butifyou’re 
using Panasonic Lithium Batteries, your 
memony’s getting maximum protection ... 
at a price that’s competitive with mercury 
and nickel cadmium systems. 

Our gasless, hermetically-sealed Lithium 
batteries are ideal for long-term memory 
applications in computers, office equip- 
ment, home appliances, even watches and 
calculators. They come in a variety of pack- 
ages to suit your design: cylindrical, coin, 
pin or PC board-compatible Memory Mount 
types. Most sizes are available from stock. 
And don’t worry about shelf-life: tests have 
proven that our Lithiums retain in excess of 
95% of their original energy output after 
10 years. 

If you’re concerned about losing your 
memory - and don’t want to make your 
customers "amnesia victims’ — remember 
to specify Panasonic Lithium Batteries. For 
complete data on our full Lithium line, write 
orcall today: Panasonic Industrial Company, 
Battery Sales Division, One Panasonic Way, 
Secaucus, NJ 07094; phone (201) 348-5266. 
| *Recognized under the Component 
Program of Underwriters Laboratories Inc.| 


* Does not include type BR-C. 


Panasonic. 


just slightly ahead of our time 


Panasonic lithium batteries 


CIRCLE 105 


LOGICAL ADDRESS SPACE ~ 


PHYSICAL ADDRESS SPACE 


INVALID 
INVALID 


INVALID 


Fig 2 Paged address translation maps a logical page to any 
physical frame. For the cpu to perform the mapping, the 
operating system creates tables to tell the CPU which frame 
corresponds to each page. Some pages can be stored on disk 
instead of memory and are marked invalid. Pages and 
frames contain 1K byte each. 


low order bits select a byte within the page. Simi- 
larly, the physical address space is divided into 
equal-sized 1K-byte units, called frames. The 
memory management mechanism maps a logical 
page to an arbitrary physical frame (Fig 2). Having 
both the pages and frames of fixed and equal size 
greatly simplifies the operating system’s memory 
allocation problem. For example, when more 
memory is needed because a stack has grown, or a 
program must be brought in from the disk, any 
frame from a list of free frames can be selected 
for use. 

Storing information to translate the 16 most 
recently referenced pages is the task of the CPU’s 
onchip associative memory, called the translation 
lookaside buffer (TLB), shown in Fig 3. For each 
memory reference, the logical page address is com- 
pared with the address tags stored in the TLB. When 
a match is found, the corresponding physical frame 
address is read. The low order 10 logical address 
bits, which select the byte within the page, pass 


LOGICAL ADDRESS 


PHYSICAL ADDRESS 


Fig 3. For address translation, the onchip TLB translates 
logical to physical addresses. The fully associative memory 
buffers translation information for the 16 most recently 
referenced pages. 
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through untranslated. Sometimes (2% or fewer 
memory references), the information needed to 
translate a logical address is missing from the TLB. 
When this occurs, the CPU references translation 
tables in memory to automatically load the TLB. 
The missing information replaces the least recently 
referenced page’s TLB entry. 

To load a missing TLB entry, the CPU translates 
the logical address using tables the operating 
system has placed in memory. The logical page ad- 
dress is divided into three fields that correspond to 
different translation table levels (Fig 4). The CPU 
finds the first table’s address by selecting one of 
four table descriptor registers according to the 
reference’s address space—system instruction, 
system.data, normal instruction, or normal data. 
The LI-NO (level 1 number) field of the logical ad- 
dress is an index into the first level table to select 
the level 1 table entry. This entry points to the 
beginning of the second level table. Similarly, the 
L2-NO (level 2 number) field selects the level 2 table 
entry, which in turn points to the page table. Finally, 
the P-NO (page number) field acts as an index into 
the page table to select the page table entry, which 
contains the physical frame address. The CPU loads 
page and frame addresses into the TLB entry 
holding the least recently referenced page. 

System designers can use the address translation 
mechanism for memory mapped input/output (I/O). 
In this way, application programs are permitted pro- 
tected access to individual peripheral devices. The 
CPU uses the frame address’s MSB to distinguish be- 
tween I/O and memory references because I/O and 
memory bus transactions have different status and 
timing on the external interfaces. 

Translation table entries (Fig 5) include several 
fields that help the operating system use memory 
management efficiently. First, each table entry has 
a bit indicating whether the contents make up a 
valid pointer. The advantage of such multiple-level 
tables becomes clear when the large logical address 
space is sparsely allocated. For example, if a 
64K-byte memory block is not in use, all 64 entries 
in the page table are invalid. Rather than waste 256 
bytes of memory to store a page table filled with in- 
valid entries, the pointer to the page table can simply 
be marked ‘‘invalid.’? Also, when only part of the 
table entry is valid, it is unnecessary to fill the rest 
of the table with invalid entries. A field indicating 
the table size in 256-byte increments accompanies 
pointers to the first two table levels. Moreover, the 
growth direction bit indicates whether the upper or 
lower entries in a partial table are valid. This is par- 
ticularly useful for managing stacks that grow 
downward from high to low addresses. 

Since many applications do not require the 
Z80,000 CPU’s full 4G-byte address space, the table 
descriptor register’s field indicates that the CPU 
should skip either or both of the first two table 
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Fig 4 Using tables in memory, the CPU automatically loads the TLB. Three table levels are used to accommodate 
address spaces from 64K bytes to 4G bytes. System designers can eliminate either or both of the first levels to make 


tables smaller and to speed translation. 


levels. For example, a 16M-byte address space using 
24-bit addresses can be translated by skipping level 
1 tables. Compact 16-bit addresses can skip both 
levels. The level 2 tables can be skipped for com- 
patibility with the segmented Z8000 address scheme. 
By eliminating superfluous translation tables, 
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TABLE FORMAT 


00 THREE LEVELS 

01 SKIP LEVEL 2 TABLES 

10 SKIP LEVEL 1 TABLES 

11 SKIP LEVEL 1 AND LEVEL 2 TABLES 


TABLE SIZE VALID TABLE ENTRIES 


0 TO 255 
64 TO 255 
010191 128 TO 255 
070255 192 10 255 


TABLE DESCRIPTOR REGISTER 
(a) 


010 63 
0 10 127 


system designers can save memory space and 
shorten the TLB loading time. 

On each memory reference, the CPU uses infor- 
mation stored in the TLB for access protection and 
for translation. Read, write, and execute access 
rights are checked in both system and normal 
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Fig 5 The cpu’s table descriptor register (a) points to the translation table entries in memory (b). Each entry has 
several fields, allowing the operating system efficient control over memory management. 
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operating modes. Data can thus be protected from 
being overwritten or mistaken as executable code. 
The CPU protects proprietary programs from 
duplication by permitting execute access but not 
read access. System mode has all normal mode ac- 
cess rights, but can optionally have more. Thus, 
regions of system memory can be kept totally inac- 
cessible to applications, or restricted access can be 
granted to applications. 

The access protection information is encoded in 
a 4-bit field at any translation table level (see the 
Table, ‘‘Protection Field Encoding’’). During 
translation, the CPU checks the protection field at 
each level, selecting the first value that differs from 
1000, and ignoring the rest. System designers can 
associate protection with either a segment or an in- 
dividual page. For example, if data are shared 
among different applications, some with write ac- 
cess and others with read access, protection will be 
associated with the data segment. In this way, page 
tables could also be shared among the applications; 
level 1 or level 2 table entries would be distinct to 
indicate different access rights. On the other hand, 
protection associated at the page level is preferred 
for small programs where consecutive pages can 
hold execute only code, read only data, and 
read/write data. 

The Z80,000 CPU supports virtual memory, which 
permits a program to execute when only part of 
its memory requirements has been allocated. A vir- 
tual memory operating system attempts to keep in 
memory pages currently used by the program (called 
the working set), while the remaining pages are stored 
on disk. 

A page fault occurs when an invalid translation 
table entry indicates that a referenced page is not in 
memory. The CPU then suspends execution-of the 
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faulted instruction and traps to the operating 
system. Register and memory states are automati- 
cally saved, allowing the program to be restarted 
after the faulted page has been read from disk. 

If all memory has been allocated, the operating 
system must select a page to be replaced when the 
memory is loaded from disk. The CPU sets the 
referenced and modified bits in the page table entry 
to help the operating system implement a replace- 
ment algorithm. Whenever the page is referenced, 
the CPU sets the referenced bit to 1. The operating 
system periodically clears the referenced bit to 0, to 
determine recently referenced pages. Recently refer- 
enced pages are likely to be needed again soon, and 
thus should not be replaced. When a page has been 
selected for replacement, the operating system checks 
the modified bit, which the CPU sets to 1 when data 
are written to the page. A modified page must be 
written back to disk before it can be replaced. 

When the operating system exchanges a page 
between disk and memory, the CPU must be in- 
formed that the address translation tables have 
been changed. This allows stale information to be 
removed from the TLB. There are three Purge TLB 
instructions. Purge TLB entry is used when the in- 
formation mapping a single page has been changed. 
Purge TLB normal is used to remove the normal 
mode TLB entries. When a process switch occurs, 
the entire normal mode memory map changes but 
the system mode map does not. The third instruc- 
tion, Purge TLB, is used to remove all entries from 
the TLB. Also, enabling memory management for 
normal and system mode references separately 
gives the operating system additional control over 
the CPU. 


78003 memory management 

Combining software and hardware, a subset of 
the Z80,000 CPU memory management features can 
be implemented with the Z8003 virtual memory pro- 
cessing unit (VMPU) and Z8015 paged memory man- 
agement unit (PMMU). The VMPU and PMMU 
memory management is limited in the size of logical 
and physical address spaces, use of memory mapped 
I/O, and access protection. The VMPU generates 
23-bit logical addresses, composed of a 7-bit seg- 
ment number and a 16-bit segment offset. The 
PMMU translates a 12-bit logical page address to a 
13-bit physical frame address, limiting physical 
memory to 16M bytes with 2K-byte pages (Fig 6). 
Unlike the Z80,000 CPU, the PMMU cannot map log- 
ical memory addresses to physical I/O addresses. 
Also, PMMU access protection is less general than 
the Z80,000 CPU. For example, the Z80,000 CPU can 
permit read only access in normal mode with read 
and write access in system mode. The PMMU cannot. 

The PMMU holds 64 fully associative page de- 
scriptor registers. Like the Z80,000 TLB entries, each 
of the PMMU registers contains a logical page 
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Don’t wait any longer to bring your EDP 
products up to full LSI design. 

Call us today. LSI LOGIC 
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Boulevard, Milpitas, CA 95035. 
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Fig 6 In logical to physical address translation, the PMMU 
translates a 12-bit logical page address to a 13-bit physical 
frame address. Like the z80,000 CPU, the PMMU translation 

buffer is fully associative. 


address, a corresponding physical frame address, 
and an attribute field. This field includes protec- 
tion information, and referenced, modified, and 
valid bits. However, unlike the Z80,000 CPU, which 
automatically loads missing information into the 
TLB, software must load the PMMU registers. 

On every memory reference the VMPU makes, 
the PMMU performs an associative search of the 
page descriptor registers to locate a valid matching 
page address. If it finds a match, it reads the cor- 
responding frame address and attributes. If the 
attributes permit memory reference, the PMMU 
outputs the physical frame address to memory. If 
no match is found or a protection violation occurs, 
the PMMU requests the processor to abort the in- 
struction and generate a trap. 

In a hardware configuration, one VMPU and two 
PMMUs can be used to support the 1K-byte pages 
used in the Z80,000 CPU. One PMMU is used to 
translate even page addresses (address bit 10 is 0); 
the other PMMU translates odd page addresses (ad- 
dress bit 10 is 1). The CPU references the contents 
of the PMMUs with the special I/O instructions, 
which transfer data on the upper byte of the data 
bus. If separation of system/normal or instruction/ 
data address spaces is desired, additional PMMUs 
are used. 

The VMPU’s operating system constructs transla- 
tion tables in memory using the Z80,000 CPU’s skip 
level 2 format. The operating system must also im- 
plement two functions that the Z80,000 automatically 
performs—loading translation table entries from 
memory to the PMMU, and recovering from address 
translation traps. 

To load the translation entry for a logical page, 
software executes the algorithm described for the 
Z80,000 CPU. The physical frame address, protection 
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field, referenced bit, and modified bit are fetched 
from tables in memory and used to construct a PMMU 
descriptor register entry. The descriptor register is 
then loaded using special I/O instructions. 

If the memory contains less than 128K bytes, two 
PMMU circuits can map every page in memory. The 
Operating system loads a new page descriptor 
whenever a page is read from disk, replacing the 
descriptor that previously pointed to the frame. 
More often, however, the memory is too large to be 
fully mapped by two PMMuUs. Thus, the system 
designer has two alternatives for loading page de- 
scriptor registers: loading descriptors on demand 
or preloading descriptors. 

Loading descriptors on demand, as the Z80,000 
CPU does when information to translate a referenced 
page is missing from the TLB, incurs a small delay 
to move a single descriptor whenever a new page is 
referenced. Preloading descriptors when a new 
program is selected to run on the VMPU incurs a 
large, onetime delay. If the user’s programs run for 
a short time and reference few pages, preloading is 
better than demand loading. System designers must 
consider memory size, amount of multiprocessing, 
and other performance requirements of a system to 
make the correct choice. With either choice, a 
descriptor register must be selected for replacement 
when a new entry is loaded. For this, a first in, first 
out algorithm is adequate. Upon replacing a PMMU 
descriptor, the referenced and modified bits must 
be copied back to the page table entry in memory. 

When an address translation trap occurs, some 
software intervention is necessary before the pro- 
gram can be restarted. Generally, this just involves 
replacing the program counter value, saved by the 
VMPU on the system stack, with the correct address 
of the trapped instruction. This instruction is 
found in a PMMU control register. For some 
instructions, such as push and pop, it may also be 
necessary to modify the general purpose registers’ 
contents. 

Thus, the Zs80,000 32-bit microprocessor in- 
tegrates memory management and provides signifi- 
cant performance improvements over current 
16-bit microprocessors. A compatible migration 
path to high performance, 32-bit microprocessor 
systems is available with the Z8003 VMPU and Z8015 
PMMU 16-bit microprocessor components. 
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FAIRCHILD 


A Schlumberger Company 


The F9445 16-bit family: 
for the demanding systems 
designer. It’s clearly in a 
class by itself. 


Speed. Performance. Support. Price. It’s all right here in 
our F9445 line of tough, versatile 16-bit microprocessor 
and support chips. The microprocessor family that 
takes you where you want to go — in record time. 
Microprocessors backed with comprehensive support. 
And priced to run rings around the competition. 


Outstanding speed that sizzles. 

Just how fast is sizzling? How about a 2.9 microsecond 
16 x 16 bit multiply at 24 MHz clock. The F9445 is 
capable of handling over 1.3 million instructions per 
second at a nominal clock rate of 20 MHz. Whew. 


Comprehensive support that’s 
intelligently planned. 

Powerful support chips like the F9449 Data Channel 
Controller. Or the F9447 Bus Controller. Or our F9470 
Console Controller. There’s more. System debugging 
tools, EMUTRAC-45™ high-speed, in-circuit emulation 
and tracing system and our EMREX-45™ Real Time 
Executive. Plus the PEP-45 Prototyping Microcom- 
puter and our FS-1 Development System. That’s just 
for starters. 


Pricing that you want — now. 

You'll also discover that the F9445 microprocessor 
and all support chips are priced to keep you competitive. 
We suggest you compare our prices against all others — 
you won’t settle for anything but Fairchild. 


High performance applications 
you'll recognize as true genius. 

The F9445 family thrives on the tough jobs. Like 
peripheral and graphic controllers, telecommunications, 
signal processing, real-time control, avionics and 
robotics. This microprocessor adapts readily to the full 
range of factory and office automation applications. 


Worldwide support that keeps you 
competitive. 

At Fairchild, we’ll make sure you get what you want, 
when you want it. Our Regional Microprocessor 
Specialists and Applications Engineers are thorough 
professionals who will assist you before, during and 
after you’ve selected our products. They’re located in 
most major cities to see that you get personalized ser- 
vice for your system and application requirements. 

So, when you want sizzling speed, fantastic values, 
comprehensive support, and applications versatility in 
a complete 16-bit high performance microprocessor 
family, there’s only one thing left to do: place your 
order NOW! 


9445 


HIGH SPEED 16-BIT MICROPROCESSOR 


PRICE 
PART NO. FEATURES 1-50 5K 
F944518PC 18 MHz CPU (Avail. — Stock) $ 86ea $ 300ea 
F944520PC 20 MHz CPU (Avail. — Stock) 111 40 
F944524PC 24 MHz CPU (Avail. — 1st QTR 1984) 159 53 


18 and 20 MHz F9445 devices available with operating temperature range to 150°C 


16, 18, and 20 MHz F9445 devices available with operating temperature range of — 55°C 
to + 125°C and full compliance with MIL-STD-883B-5004 


PERIPHERAL SUPPORT DEVICES 


PRICE 
PART NO. FUNCTION 1-50 5K 
F9447DC /O Bus Controller $ 73ea $ 26ea 
F9449DC Multiple Data Channel Controller 66 25 
F9448DC Programmable Multiport Interface 78 26 
Available 1st QTR 1984 
F9444DC Memory Management and Protection Unit 85 27 
Extends F9445 Addressing to 4MB 
Available 1st QTR 1984 
F9470PC Communications and Console Controller 74 22 
F9443 Microprogrammable Arithmetic Coprocessor 
Available 2nd Half 1984 
FAMILY FIRMWARE 
ORDERING PRICE 
CODE FEATURES “49 4k 
PEBUG45XX_ —PEPBUG-45 Monitor in ROMs $250ea $100 ea 
PEPTEST45X PEPTEST-45 — Set of ROMs 400 160 
That Contain Test Program 
PEPBAS45X PEPBASIC-45 — Set of ROMs 170 95 


That Store PEPBASIC-45 Interpreter 


™EMUTRAC, EMREX, and IMDOS are trademarks of Fairchild Camera 
and Instrument Corporation. 


™VAX is a trademark of Digital Equipment Corporation. 


FAMILY SOFTWARE 


LICENSE FEE 
Ore DESCRIPTION SINGLE 100th 
USE USE 
Operating Systems for F9445 ISA-Based Systems 
IMDOS45XXX IMDOS™45 — Interactive Multiuser $6,000 $200 
Disk Operating System 
EMREX45XXX EMREX-45 Real-Time Multitasking Executive 3,000 100 
Cross Software and Linkers 
VAXCAS45XX CASM-45 — VAX/VMS-Based 600 40 
Cross Assembler 
FSIVAXLNKX VAXLINK 2,000 70 
Allows linking of FS-1 and VAX™Computers 
Compilers 
FSIPCIXXXX F9445 Pascal 3,800 130_ 
FSIFRTN66X F9445 Fortran IV 3,400 115 
FSIBSETXXX F9445 Basic Interpreter 600 20 
FAMILY SUPPORT SYSTEMS 
ORDERING PRICE 
CODE DESCRIPTION 1-10 
PEP9445SFX Single Board Multibus-Compatible $ 995ea* 
Microcomputer with PEP-45 Monitor 
and PEPBASIC-45 
PEP9445SFC PEP-45 as Described Above PLUS $ 1,580 ea 
CASM-45 — VAX Cross Software Video Tape 
instruction Course 
FSIENT26XX Complete Single-User FS-1 Micro- $13,900 ea 
processor Development System with 
Software and Terminal 
FSIMULT6XX Complete Multiuser FS-1 Microprocessor $32,950 ea 
Development System with Software and 
Terminals 
FSIE45XXX EMUTRAC-45 High-Speed In-Circuit $ 8,500 ea 


Emulation and Tracing System 


*100-Unit Prices Available on Request 


For further information on the F9445 family, con- 
tact your local Fairchild sales office or franchised distrib- 
utor. If you prefer, write to Fairchild Microprocessor 
Division, 450 National Avenue, Mountain View, CA 


94042 or phone us at (415) 962-3801. 
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On the line or in the field. 
Slash digital test and repai 
from HP. 


Products are getting smarter. 
Microprocessors are appearing in 
everything from test equipment, to 
point-of-sale terminals, to self-service gas 
pumps. But with increased functionality 
often come increased headaches. 
Especially when production test, field 
service or in-house repair personnel must 
try to diagnose and correct difficult logic 
faults deep within a 100-IC board. 


Testing Smarter. 

Realizing this trend, smart design 
engineers have, for over five years now, 
been helping their companies achieve 
significant savings in product test and 
rework by including signature analysis in 
their design strategy. 

“No-Trouble’”’ Troubleshooting 

The results can be dramatic. By 
incorporating signature data into sche- 
matics and fault trees, the time it takes 
to locate and repair a component mal- 
function can be reduced by up to 80%. 
Troubleshooting of complex digital 
systems now becomes as reliable and 
easy to follow as traditional analog 
troubleshooting. Test a circuit node and 
compare its signature to the known cor- 
rect signature for that node. If the 
signatures don’t match, backtrace until 
they do. You’ve found the faulty node. 4 


Investing in Productivity 
Perhaps you’ve thought about 
benefits of signature analysis, 
but were put off by the 
design investment. Consider _ 
this: Up-front engineering | ae 
time required to incorporate | | 
signature analysis rarely Veo} 
represents more than a 1% | 
increase in total design time. <i 
Tn fact, typical results have 
indicated no more than a 1 
to 4 man-week increase out 
of a total 180 man-month f 
design project. es 
Also, sophisticated tools yey, 
such as the new HP 55005S | | 
Logic Troubleshooting | 
System make the processof 
producing signature analysis | 
test and service documenta- = |” 
tion essentially automatic. ie car 


To use signature analysis, each circuit 
node must be exercised with an arbi- 
trary, but repeatable, bit pattern. Often, 
this is just an adjunct to existing self-test 
code. In most cases, an additional 5% of 
ROM space will handle it. And it’s 
usually as simple as supplying a routine 
to cycle through address locations. 

In hardware, you simply watch for 
the possibility of feedback 
paths influencing 
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signature detection. The solution is often 
as simple as installing jumpers to break 
paths, or a few switches and pull-up 
resistors to guarantee the status of par- 
ticular signal lines. 

Error Detection Accuracy 

to 99.998% 

Using an HP-developed technique for 
data compression, our family of signa- 
ture analysis products can detect errors 
in arbitrarily long bit patterns to an 
accuracy of 99.998%. Single bit errors 
are detected with 100% accuracy. 


.. This far surpasses the performance of 


i most other fault-location techniques, 
» and brings effective component- 
? level diagnostic capabilities within 
the reach of most production 
departments and field service 
organizations. 


ya 
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pod News At The Bottom Line 
In terms of dollars saved, signature 
analysis can help you realize significant 
benefits. Increased troubleshooting 
power can help you reduce production 
est and repair time, reduce service 
costs, and possibly cut in-the-field 
subassembly replacement stock. Conser- 
vative calculations for a typical product 
design effort incorporating signature 
analysis show an Internal Rate of Return 
(IRR) of over 100%. 
The HP Family of Signature 
Analysis Tools 

Now that you know the benefits of 
HP signature analysis, you should also 
know that we have a full line of cost- 
saving tools to get you going. 

For the optimum in automation, 
versatility, and power, look to the 
HP 55005S Logic Troubleshooting 
System, priced at $9675*. This system 
condenses your product operation 
knowledge and diagnostic procedures in- 
to a computer-assisted troubleshooting 
database. It automatically generates an- 
notated signature lists for test documen- 
tation, and leads test personnel through 


guided backtrace troubleshooting for 
fast fault isolation. 

If you already have an HP desktop 
computer, or want similar versatility at 
lower cost, the logical choice is the HP 
5005B Signature Multimeter ($3825*). 
Interfacing via the HP-IB, or controlled 
manually, it can measure frequencies, 
time intervals, voltages, and resistance 
values, in addition to full-function 

For the same measurement features in 
a standalone package, or for field test ap- 
plications where low cost is important 
and HP-IB compatibility is not, specify 
the HP 5005A ($2815*). 

Tops in value is the new HP 5006A 
Signature Analyzer. At just $995*, this 
dedicated signature analyzer is your 
lowest-cost entry into automated 
signature analysis. In the systems test 
environment, it can be controlled by a 
desktop computer via the HP-IB. And 
for the ultimate in portable computer- 
aided troubleshooting in the field, just 
combine the HP 5006A with an HP hand- 
held computer via the built-in HP-IL 
interface. For fast manual testing, a 
composite mode lets you probe multiple 
nodes without comparing each signature. 
Simply compare the composite signature 
with the expected result. If they match, 
all is well. If not, just recall individual 
signatures from memory until the faulty 
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node is found. It’s just another HP 
signature analysis technique that delivers 
faster testing and fault isolation. 


Save on Existing Designs Too 

If you already have a product in the 
field, you can still take advantage of HP 
signature analysis without costly 
redesign. The HP 5001 family of Micro- 
processor Exercisers are preprogrammed 
testers specifically configured for par- 
ticular microprocessor chips. Each exer- 
ciser provides reliable testing of the 
target chip, system RAM, ROM, I/O 
ports, address and data busses, and 
more. There’s even a socket to plug in a 
customized PROM for unique tests not 
covered by the 5001 standard array. 


For More Information... 

Give us a call. We'll be glad to send 
you a complete information package on 
HP signature analysis: products, techni- 
ques, and applications. Contact your 
local HP sales office listed in the 
telephone directory white pages. 

Ask for the electronic instruments 
department. 


* U.S.A. list prices only. 


WESIGNEOFOR, § —HP-IB: Not just IEEE-488, but the 
hardware, documentation and 
support that delivers the shortest 


SYSTEMS path to a measurement system. 
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to 32 bits! 


The 32-Bit Advantage 
For OEMs and system 
integrators, getting the 
jump on the competition 
means leapfrogging to 
the most advanced tech- 
nology available. Today, 
that means making 
the jump to 32-bit archi- 
tecture. Now. When it 
can give you a decisive 
advantage. 


32-Bit Memory 

on a 32-Bit Bus 

The Universe 68/05 is a true 32-bit 
system because it handles 32-bit data 
transfers in parallel on its 20Mb/sec 
VERSAbus, while most 68000-based 
machines are still limping along with 
16-bit buses. With the next generation 
of processors (like the MC68020), a 
full 32-bit bus will be a requirement 
on all systems. VERSAbus is there 
now, and it’s non-proprietary. 


Selector 
Channel 
Interface 


125 MHz 


Main Processor 


4Kb 32-Bit 
“ache 


Character 
1/O Processor 


32-Bit Cache, 12.5MHz 68000 
Our new Universe 68/05 is the first 
commercial product built and deliv- 
ered using the new 12.5MHz 68000 
microprocessor. Its 4Kb 32-bit cache 
memory virtually eliminates wait 
states, while a separate 68000 I/O 
processor offloads the main 68000. 
Its MIPS rate—1.25 million instruc- 
tions per second—outstrips a 

VAX 11/750 that costs several times 
as much. 


UNOS is a trademark of Charles River Data Systems, Inc. 


UNIX is a trademark of Bell Laboratories. VERSAbus is a trademark 


of Motorola. VAX is a trademark of Digital Equipment Corporation. sy. - 


Maximum 
Bus Rate 


Sieve Test 
C Language 


MIPS Price 


Universe 68 provides performance comparable to VAX, at a 
price far below VAX. 


32/64-Bit Hardware 
Floating Point 


Our new IEEE-format hardware 
floating point unit handles 32- and 
64-bit operands fast. In fact, with 
floating point performance in the 
40-50K flops range, it holds its own 
very nicely with VAX-level machines. 
Yet the Universe 68's price tag 

is only a fraction of a VAX’s. 


The First 32-Bit System 
Under $10,000 

The Universe 68/05's under- 
$10,000 OEM-quantity-one price 
includes 32-bit central processor, 
10Mb Winchester, 1.26Mb floppy, 
256Kb RAM (expandable to 3Mb), 
and four serial I/O ports (expandable 
to 64). You can build multiterminal 
systems around a 68/05 at a cost- 
per-user that will embarrass work- 
station systems. For even more 
horsepower and expandability, you 
can hop over to the compatible 
Universe 68/37 or 47. 


The 32-Bit, Real-Time, Bell UNIX 
UNOS, our multi-user, 
multi-language 


operating system, 
brings real-time, 

transaction-oriented 
capabilities to the 
UNIX-compatible world. 
And UNOS now runs 
Bell-licensed UNIX System Ill 
tools for development. Plus 

Fortran, RM/COBOL, BASIC, 
Pascal, C,and DBMS. 
Leap into the 32-bit future now. 


With Universe 68 from Charles River 


Data Systems. 


_] Send me “The Insider's 
Guide to the Universe;’ an 
informative 24-page dis- 
cussion of the technical 
concepts behind the 
Universe 68 family of 
computers. 


(_] Have a sales engineer call. 


Name —_ == 


Address ~ —e 
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| 

| 

| 

| 

| 

Company | 

| 

| 

| 

Telephone | 

Return to Charles River Data Systems, | 

983 Concord St., Framingham, MA 01701 
(617) 655-1800 


CHARLES RIVER DATA SYSTEMS 
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The HCD-75. Its both. 


Meet the high capacity 4"cartridge 
back-up system with the split personality. 
The 3M HCD-75 does everything streamers 
do, and more! Now you don't have to choose 
between streaming and block addressability 
for data storage. The HCD-75 lets you design 
a reliable system that does both. Best of 

all, it’s available right now — thousands of 
them are already in use —with the following 
high performance features: 


HIGH CAPACITY —a full 67 megabytes of 
formatted back-up storage — more than any 
other 4%"system and most %"systems. 


DATA/CARTRIDGE INTERCHANGE — un- 
like some other systems, every HCD-75 drive 


will read every 3M formatted data cartridge, 
no matter where it originated. A unique 
combination of stepper head and edge seek 
features allows unlimited cartridge inter- 
change between drive systems. 


COST EFFECTIVE — you get more for less. 
Total cost per megabyte with the HCD-75 
is significantly lower than any other tape 
system. 


Put it all together and you have one of the 
best friends a computer designer ever had: 
the 3M HCD-75 back-up system. For more 
information call (612) 736-9003 or write: 
Data Recording Products Division/3M, 3M 
Center 223/5N, St. Paul, MN 55144. 


Circle 107 for Field Representative Call 


Circle 108 for Literature 


3M hears you... 


SPECIAL REPORT ON MICROPROCESSORS/MICROCOMPUTERS 


MICROCONTROLLER 


DDRESSES CONTROL AND 
INSTRUMENTATION 


A 16-bit single-chip microcontroller, with a 68000-like 
architecture, handles 1/o tasks in standalone or multiple 


CPU systems. 


by Don Folkes and 


John Bates 


Control and instrumentation applications, such as 
robotics and engine controls, require high through- 
put and extensive math capability from their pro- 
cessors. Similarly, intelligent peripheral subsystems 
can be considered control systems, since they must 
handle the interface to such input/output devices 
as terminal concentrators, floppy disks, and 
magnetic tape drives. 

Since these subsystems must operate in parallel 
with a data processing central processing unit 
(CPU), they should have an interface that allows a 
high speed parallel data transfer to and from 
system memory using direct memory access (DMA). 
Although these systems can be built with multichip 
microprocessor components, a high performance 
single-chip microcontroller with extensive onchip 
input/output (I/O) resources can effectively reduce 
the part count. 


Don Folkes is an applications engineering manager at 
United Technologies Mostek, 1215 W Crosby Rd, 
Carrollton, TX 75006. He has a BS in electrical 
engineering from Iowa State University. 


John Bates is a senior software engineer at Mostek. 
He holds a BS in engineering science from Florida 
State University and an MS in systems engineering 
from Southern Methodist University. 


While microprocessors and microcontrollers 
have architectural similarities, there are major dif- 
ferences. For 1/O-intensive applications, a micro- 
controller must provide extensive bit-manipulation 
capability as well as fast accessing of I/O ports. The 
instruction set must be powerful, but must also be 
optimized in order to save code space and meet the 
constraints of onchip read only memory (ROM). 
Instruction execution time must be kept to a 
minimum so that high speed control loops can be 
coded and still have time available for numerical 
calculations. 

Rapid interrupt response and provisions for mul- 
tiple interrupt sources are necessary for efficient 
processing of external stimuli. However, special 
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Fig 1 In the 68200 pinout, all of the pins shown on ports 0 
and 1 can function as general purpose parallel 1/os. The 1/0 
pins with special functions can be programmed to serve 
those functions or be used as simple inputs or outputs. 
Strapping the mode pin selects one of the expanded bus 
modes, where port 0 becomes a 16-bit multiplexed address 
data bus and eight pins of port 1 function as associated 
control signals. 


instructions that support multi-user or multitasking 
environments are unnecessary because micro- 
controllers rarely communicate directly with a user 
in a data processing application. 

High performance controller applications de- 
mand a regular architecture that is easy to program 
and support with contemporary programming 
techniques and advanced software support tools. 
The architecture must also include a full comple- 
ment of onchip I/O features, such as multiple 
sophisticated timers and a high speed serial port, as 
well as sufficient quantities of onchip ROM and 
random access memory (RAM). 


A 16-bit microcontroller 

The Mostek 68200, a recent addition to the 68000 
family, is a microcontroller device designed to suit 
the needs of control processing in a wide variety of 
complex system applications. In addition to its role 
as a 16-bit single-chip microcomputer with onchip 
CPU, ROM, RAM, and I/O, the 68200 provides parallel 
expanded bus modes that operate with a full com- 
plement of multiprocessing features. It thus breaks 
the tradition set by previous generation single- 
chip microcomputers. The user-selectable 1/0 archi- 
tecture allows the device to operate as a high 
performance single-chip microcomputer, a fully 
expandable CPU that can address external memory 
and I/O, or as a dedicated 1/0 controller that can 
share a 16-bit system bus with a 68000 or some other 
16-bit microprocessor. In addition, the 68200 pro- 
vides an onchip serial I/O port that operates effi- 
ciently in a multidrop network. 

This device has a CPU architecture and instruc- 
tion set modeled after the 68000, but optimized for 
microcontroller applications. Not only does the 
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instruction set offer full 16-bit computational 
capability with multiply and divide, but it also em- 
phasizes 8-bit handling, 1/O port handling, and bit 
manipulation. These are crucial features in high 
performance control applications. 

The architectural similarities make it easy for a 
designer familiar with the 68000 to develop systems 
incorporating the 68200. In hardware, the expanded 
bus is available with a version of the chip that pro- 
vides 68000 control signals. In this way, the 68200 
can connect directly to the 68000 system bus as a 
universal peripheral controller (UPC). In software, 
the assembly language mnemonics and syntax are 
very similar for both processors, making it easy for 
a programmer familiar with the 68000 to write code 
for a 68200. 


Pinout configuration 

Forty of the 48 available pins on the package can 
be used for I/O, and their functions are program- 
mable. I/O capabilities include parallel 1/0, three 
timers, a serial channel, and an interrupt controller. 
In the single-chip configuration, all 16 bits of port 
0 and 9 bits of port 1 are used for general purpose 
1/Os (Fig 1). In addition, either half or the entire 16 
bits in port 0 can be selected as bidirectional 1/0 
pins, using the handshake option on port 4. The 
remaining 7 bits in port 1 can also be programmed 
as I/Os, or used to serve the designated special 
function shown in the diagram. Up to three of 
these pins on port 1 can be programmed as external 
interrupt sources, and up to four pins can be pro- 
grammed as I/Os for the onchip serial channel. 


The 68200’s data-register organization 
allows more efficient register use for 
byte-oriented operations. 


Similarly, all 8 bits in port 4 can be used as simple 
inputs or outputs or can serve the alternate func- 
tion designated in the diagram. For example, TAI 
can be used as an input for timer A, an interrupt 
source, or a general purpose input pin. If it is used 
as an interrupt source, it can be selected simulta- 
neously with either of the other two functions. 
These flexible I/O features make the 68200 a good 
choice for standalone applications that also require 
16-bit computational capability, such as engine 
control. 

Strapping the mode pin places the 68200 in its 
expanded bus mode. Port 0 and port 1 are then 
reconfigured to provide the necessary functions. 
Port 0 becomes the 16-bit multiplexed address/ 
data bus, and 8 bits from port 1 become control 
signals that handle data transfer and bus arbitra- 
tion. As shown in Fig 1, two different control buses 
are available as a mask option: a UPC bus that gen- 
erates 68000-compatible signals, and a general 
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purpose (GP) bus that can be used to interface to a 
wide variety of existing microprocessor buses. When 
the expanded bus mode is selected, the 68200 can 
either act as a GP bus grant or host CPU chip, or as 
a peripheral I/O controller to a host CPU. These 
two system configurations are illustrated in Fig 2. 

The GP bus version can be used in implementing 
the host CPU configuration shown in Fig 2(a). In 
this configuration, the 68200 can be used to inter- 
face to external memory and I/O devices in a manner 
analogous to a general purpose microprocessor. But 
the 68200 retains its onchip RAM and I/O resources, 
with onchip ROM as an option. Sixteen lines on the 
device are still available for I/O functions, in- 
cluding eight lines from port | and all eight lines of 
port 4. The GP control signals include two bus ar- 
bitration handshake signals, BUSIN and BUSOUT, 
which respectively provide the functions of a bus 
request input and a bus grant output. This feature 
allows other potential bus masters in the system, 
such as DMA devices or peripheral I/O control pro- 
cessors, to gain control of the system bus. 

As a peripheral I/O controller, the 68200 operates 
as a bus requester that gains control of the system 
bus from the bus grant CPU [Fig 2(b)]. In this 
configuration, the UPC bus version provides a 
direct interface to a 68000 bus grant CPU. Once the 
UPC gains control of the system bus via the 68000 
bus arbitration handshake lines (BR, BG, and 


SYSTEM BUS 


BGACK), it can perform DMA transfers and com- 
municate with system memory or other I/O devices 
in the system. 

Alternatively, the GP bus version can be selected 
to implement this system configuration in cases 
where a different host CPU, such as another 68200, 
is desired. In this case, the BUSIN and BUSOUT lines 
also perform the bus arbitration handshake func- 
tion, where BUSOUT now acts as bus request output 
and BUSIN acts as a bus grant input. Here, the 68200 
can conceivably act as a complete peripheral 1/0 
control subsystem on a single chip, with 16 lines of 
I/O and its onchip ROM, RAM, timers, and serial I/O 
performing the necessary interface to the I/O device. 

If the onchip resources are not sufficient to per- 
form the control task, external devices can be added 
on an optional local bus, which is physically the 
same as the system bus, but separated logically by 
bus buffers. This serves to isolate the I/O sub- 
system, and the 68200 can relieve the host CPU of 
1/O-related processing overhead. In other words, 
the 68200 I/O controller and the host CPU can exe- 
cute programs concurrently. 


Programming architecture 

The 68200 register file includes eight data regis- 
ters, six address registers, and three system registers, 
all of which are 16 bits wide [Fig 3(a)]. This dia- 
gram can be compared with the register set for the 
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Fig 2 System block diagrams help 
illustrate the use of the expanded 
bus modes. In (a), the 68200 acts as a 
host cpu that can grant the use of 
the system to other CPUs or DMAS. 
In (b), the 68200 operates as a 
peripheral 1/0 controller that 
requests use of the system bus from 
the host CPU as required. Several 
such peripheral subsystems may 
exist on the host CPU bus. 


SYQUEST... 
THE INSIDE 


High quality SyQuest half-height Winchester drives are coming at you in 
volume. Here's the inside story: 1. Incoming components are 100% inspected. 
2. Added in-process inspections assure quality. 3. Our mechanical assem- 
bly line is in full volume production. 4. Servo-writer embeds servo for 
optimum tracking, and guaranteed cartridge interchangability. 5. All drives 
are tested to marginalized parameters. 6. Dynamic testing of seek and 
read/write during burn-in for 72 hours at 50°C adds an extra margin 
of confidence. SyQuest half-height drives, they're not only better, 
they’re available. Order them now! Contact our distributors or 
SyQuest today. 


TTT 


47923 Warm Springs Blvd. 


S est Fremont, California 94538 TT Ae eee 
u Tel: (415) 490-7511 See Us at COMDEX © Nov. 28—Dec. 2, 1983 
TWX 910-381-7027 Las Vegas Convention Center (] Booth No. 281 
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Fig 3. Both the 68200 and 68000 exhibit a regular register architecture with several general purpose data registers and 
address registers. The 68200 has 16-bit registers that can handle 8-bit data more efficiently (a). The 68000 has 32-bit 
registers to support a full 32-bit internal processor architecture (b). 


68000 [Fig 3(b)]. The general structure of the two 
register files are very similar. Both machines have 
several general purpose data and address registers. 
The basic difference is that the 68200 registers are all 
16-bit registers, and the 68000 registers, with the 
exception of the status register, are all 32 bits wide. 

There are other important differences between 
the register sets of the two machines. The 68200 has 
eight 16-bit or sixteen 8-bit data-only registers. 
Each of the 68000’s eight data-only registers must be 
assigned as either an 8-, 16-, or 32-bit register. The 
68200 has six 16-bit address registers that can also be 


Fig 4 As shown in this 
memory map of the 


68200, all program ROM, 
RAM, and 1/0 ports are 
addressed in the same 
memory space. 
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used for data. Seven address registers exist in the 
68000. They are assigned as either 16 or 32 bits, and 
can only be used for addressing. The 68200 has one 
16-bit stack pointer, while the 68000 incorporates 
two such registers to support user and supervisory 
modes in multi-user systems. Similarly, the status 
register is divided into two parts to support a multi- 
user environment. 

The 68200’s data-register organization allows 
more efficient register utilization for byte-oriented 
operations. Future high performance control appli- 
cations will require an increasing number of 16-bit 
calculations, so the data registers in the 68200 can be 
used to hold these data. However, it is still neces- 
sary to handle 8-bit numbers efficiently. For ex- 
ample, many I/O operations require the handling of 
ASCII data. Loop counters are also typically imple- 
mented in the course of programming control rou- 
tines, and most of the time these counters are 8 bits 
or less. Since it is not very efficient to tie up a 16-bit 
register with an 8-bit counter value, the data regis- 
ters in the 68200 have the option of using either the 
entire register for 16 bits, or either half as an inde- 
pendent 8-bit register. 

As reflected in the register map, all of the data 
paths within the 68200 are 16 bits wide, including 
those to the program memory, RAM, arithmetic 
logic unit (ALU), and register file. Therefore, the 
unit can directly address a 64K-byte addressing 
space that is organized as 32K, 16-bit words. Nor- 
mally, data are addressed on word boundaries, but 
the memory is also byte addressable so that data 
transfers can occur 8 bits at a time. 


Since the addressing range matches the size of 
the internal data path, a full 16-bit address field 
can be passed in a single memory cycle. This speeds 
up the instruction execution time. It also allows the 
ALU to be shared for performing both operand 
data and address calculations, thereby minimizing 
the die size. 

Fig 4 illustrates the 68200’s memory map. The ini- 
tial ROM version incorporates 4K bytes of ROM and 
256 bytes of RAM. As illustrated, all of the 68200’s 
internal RAM and I/O is addressed in the same space 
as program memory. This allows all of the instruc- 
tions and addressing modes that can be used to 
manipulate program variables in RAM to also oper- 


ate on data contained in lookup tables in ROM, or 
on data contained in I/O ports. 


Similar sets 

As the instruction set summary in Table 1 shows, 
the 68200’s instruction set closely resembles the 
68000. Because of the architectural differences, the 
68200 cannot be opcode compatible with the 68000. 
However, many of the 68200 instructions bear the 
same mnemonic to aid the programmer familiar 
with the 68000 instruction set. In fact, in most cases, 
the 68000 assembler syntax has been duplicated in 
ASM-68200, the structured macro cross-assembler 
available for the 68200. 


TABLE 1 


68200 Instruction Set 


Instruction 


ADD 
ADD.B 
ADDC 
ADDC.B 
AND 
AND.B 
ASL 
ASL.B 
ASR 
ASR.B 


Description 

Add 

Add Byte 

Add with Carry 

Add with Carry Byte 

Logical And 

Logical And Byte 

Arithmetic Shift Left 
Arithmetic Shift Left Byte 
Arithmetic Shift Right 
Arithmetic Shift Right Byte 
Bit Test and Change 

Bit Test and Clear 

Bit Test and Exchange 

Bit Test and Set 

Bit Test 

Call Absolute 

Call Relative 

Clear 

Clear Byte 

Compare 

Compare Byte 

Decimal Add 

Decimal Add Byte 

Decimal Add with Carry 
Decimal Add with Carry Byte 
Disable Interrupts 

Divide Unsigned 

Decrement Count and Jump if 
Non-zero 

Decrement Count Byte and Jump 
if Non-zero 

Decimal Negate 

Decimal Negate Byte 
Decimal Negate with Carry 
Decimal Negate with Carry Byte 
Decimal Subtract 

Decimal Subtract Byte 
Decimal Subtract with Carry 
DSUBC.B Decimal Subtract with Carry Byte 
El Enable Interrupts 

EOR Exclusive Or 

EOR.B Exclusive Or Byte 

EXG Exchange 

EXG.B Exchange Byte 

EXT Extend Sign 


Instruction 


HALT 
JMPA 
JMPR 
LIBA 
LIWA 
LSR 
LSR.B 
MOVE 
MOVE.B 
MOVEM 
MOVEM.B 
MULS 
MULU 
NEG 
NEG.B 
NEGC 
NEGC.B 
NOP 
NOT 
NOT.B 
OR 
OR.B 


Description 

Halt 

Jump Absolute 

Jump Relative 

Load Indexed Byte Address 
Load Indexed Word Address 
Logical Shift Right 

Logical Shift Right Byte 
Move 

Move Byte 

Move Multiple Registers 
Move Multiple Registers Byte 
Multiply Signed 

Multiply Unsigned 

Negate 

Negate Byte 

Negate with Carry 

Negate with Carry Byte 

No Operation 

One’s Complement 

One's Complement Byte 
Logical Or 

Logical Or Byte 

Pop 

Pop Multiple Registers 
Push 

Push Multiple Registers 
Return from Subroutine 
Return from Interrupt 
Rotate Left 

Rotate Left Byte 

Rotate Left through Carry 
Rotate Left through Carry Byte 
Rotate Right 

Rotate Right Byte 

Rotate Right through Carry 
Rotate Right through Carry Byte 
Subtract 

Subtract Byte 

Subtract with Carry 
Subtract with Carry Byte 
Test 

Test Byte 

Test Not 


TESTN.B Test Not Byte 
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The 68200’s nine addressing modes are similar to 
the 68000’s, and the 68200 provides all but one of the 
address register indirect modes available on the 
68000. The register indirect modes can be used with 
all of the address registers as well as with the stack 
pointer. These addressing modes support many 
common data structures, including arrays, stacks, 
queues, and linked lists. Two addressing modes, 
an index register indirect with displacement mode 
and a relative displacement with index mode, are 
present on the 68000 but are not implemented on 
the 68200. 

However, the 68200’s special I/O port addressing 
mode allows a fast, single-instruction word access 
to internal I/O ports. The 68200’s relative displace- 
ment mode can accommodate an 8- or 12-bit field 
for efficient encoding of relative jump instructions. 
Similarly, its immediate mode can accommodate 
4-, 8-, or 16-bit operands, which also provide effi- 
cient program memory utilization. 


Many 68200 instructions bear the same 
mnemonic to aid the programmer 
familiar with the 68000 instruction set. 


The 68200’s instruction set incorporates a set of 
operations optimized for single-chip microcomputer 
applications. In addition, instructions are encoded 
to minimize code space, a feature that is especially 
important in single-chip microcomputers. Small 
code space is related to execution speed, and most 
instructions execute in either three or six clock 
periods. (A clock period is equal to 167 ns with a 
6-MHz clock.) Table 2 shows instruction execution 
times for a number of typical instruction classes. 

In addition to operations on bytes and words, 
the 68200 includes bit-manipulation instructions 
that can operate on both registers and memory. Bit 
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manipulation is emphasized in the 68200 architec- 
ture to support I/O-intensive applications. The bit 
affected may be expressed as an immediate operand 
of the instruction, or may be dynamically specified 
in an address or data register. Operations available 
include bit set, clear, test, change, and exchange. 
Bit operations always perform a bit test as well. 

The 68200 incorporates a bit exchange instruction 
(BEXG) that does not exist in the 68000. A bit opera- 
tion instruction in the 68200 tests the destination bit 
and places it in the carry flag (C-bit) in the status 
register. The sign of the destination word is placed 
in the N-bit and the Z-bit is set if the destination 
word is zero. In the 68000, the destination bit is 
tested and the result’s inverse is placed in the Z-bit, 
while all other bits in the status register remain 
unaffected. 

To demonstrate the performance capabilities of 
the 68200, an example code segment is shown in 
Fig 5. This example is designed to illustrate the 
68200 implementation of a linear scaling operation 
(y = mx + b) ofa binary value with conversion of 
the scaled result to binary coded decimal (BCD). 
The binary value is a 12-bit number that is initially 
read from one of the 68200’s parallel ports. This 
number could possibly originate from an external 
high resolution analog to digital converter that is 
interfaced to the 68200 port. The scaling that is per- 
formed uses a value of m = 0.8 and b = —1784. 
This 12-bit scaled result is converted into a 4-digit 
BCD number with sign. 

In the programming example, the high speed mul- 
tiply and divide instructions are used to perform the 
calculation of m times x. The 68000 supports mul- 
tiply and divide instructions using several different 
addressing modes, while the 68200 only supports 
register direct addressing for these instructions. 
However, the 68200 executes these instructions very 
quickly: 21 clock periods for a 16 x 16 multiply and 
23 clock periods for a 32/16 divide. The 68000 takes 
70 to 86 clock cycles for a multiply, and 140 to 156 
for a divide. Even though the 68000 is available in 
versions that operate at a much higher clock rate 
than the 68200, the 68200 can outperform it for these 
operations. 

Another significant feature of the 68200, as 
brought out in the programming example, is the 
advanced BCD handling capabilities. The 68200 has 
a total of six instructions to handle BCD arithmetic. 
These allow either an 8- or 16-bit calculation using 
the carry bit as an option. The 68200 instruction 
Decimal Add (DADD) is used in the example to per- 
form a 16-bit BCD addition. In comparison, the 
68000 has only three instructions to handle BCD 
numbers. All of these instructions only operate on 
two 8-bit BCD values with the extend flag always 
used in the calculation. In order to implement a 


=a, 
p. 
5 
oO 


Source 
; BENCHMARK: SCALING AND 


; MACHINE: MK68200 
3; CLOCK RATE: 4 MHz 


; REGISTERS: 
DO BINARY VALUE 
DL1 COUNTER 
DH1 SIGN NIBBLE 


COA AUF UND = 


SCALING OF 12 BIT 


0001 SECTION 1 

SCAL62: 
OOB1 MOVE P1,D0 
02970008 MOVE #8,D2 
5290 MULU D2, D0 
EAOA MOVE.B #10,DL2 
52D0 DIVU D2,D0 
20F706F8 SUB #1784,DO 


E1 2B MOVE.B #'+',DH1 
8401 JMPR GE, Ll 
37EO NEG DO 

E12D MOVE.B #'-',DH1 


CONVERSION OF BIN 


0018 E90C : MOVE.B #12,DL1 
001A BAO1 MOVE.B #1,DL2 
001C 14B7 CLR D3 


OO1E BOA1 : ASR DO 
0020 8A00 JMPR CC, 13 
0022 A5C2 DADD D2,D35 


0024 A2c2 oe DADD D2,D2 
0026 9106 DJNZ. DH1, L2 


0028 1F85FBOO MOVES D5, RESUL 
002C 1FO2FB02 MOVE. DH2,SIGN 


FBOO ORG $SFBOO 
FBOO 0002 RESULT: DS 1 
FBO2 0001 SIGN: DS.B 1 


SUMMARY: 
INSTRUCTIONS: 
BYTES 
EXECUTION TIME 
0000 END 
no errors detected. 


BCD CONVERSION 


D2 BCDBIT WEIGHT 
DS BCD ACCUMULATOR 


VALUE: Y=M* X- B; M*= 0.8; B= 1784 


; T= 6: INPUT 12 BIT BINARY VALUE 
3 hm 6 

; T= 21: MULTIPLY BY 8 AND THEN 

; T= 3: DIVIDE THE RESULT BY 10 

; T= 23: TO MULTIPLY BY M = 0.8. 

; T= 6: SUBTRACT B = -1784 


; T= 3: SET SIGN NIBBLE POSITIVE 

; T=4/7: BRANCH IF > 

» Pm 3s 

; T= 3: SET SIGN NIBBLE NEGATIVE 
ARY VALUE TO BCD (4 DIGITS PLUS SIGN) 

; T= 3: INIT COUNTER 

; T= 3: INIT BCDBIT WEIGHT 

; T= 3: INIT BCDACC 

; T= 3: START BCD CONVERSION 

; T=4/7: TEST BIT 

; T= 3: BCDACC:=BCDADD+BCDBIT WEIGHT 


; T= 3: BCDBIT_WEIGHT=2*BCDBIT WEIGHT 
; T=6/9: REPEAT LOOP UNTIL DONE 


T ; T= 9: STORE RESULT IN MEMORY 
; T= 9: STORE SIGN IN MEMORY 


; START OF 68200 INTERNAL RAM 


(us) -25 uS (WORST CASE) 


Fig 5 As coded for the 68200, this linear scaling programming example utilizes the high speed multiply and divide 
instructions, as well as the powerful BCD handling instructions. These operations are often required in high 


performance control applications. 


68000 routine, which performs the BCD conversion 
shown in the programming example, the extend 
flag must first be initialized and two Add BCD 
(ABCD) instructions must be used to perform a 
single 16-bit BCD calculation. 

The 68200 has an advanced architecture that sup- 
ports features such as enhanced BCD and bit- 
manipulation instructions, fast multiply and divide 
instructions, compact instruction encoding, and 
fast access to I/O ports. Because of these features, 


the 68200 can significantly outperform other state- 
of-the-art microprocessors, including the 68000, in 
controller applications. 


Please rate the value of this article to you by 
circling the appropriate number in the ‘‘Editorial 
Score Box’’ on the Inquiry Card. 


High 731 Average 732 Low 733 
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YOU CAN FIND A LOT OF 
COMPANIES WHEN YOU WANT 
oe BUYA Orn At 


er 


..- BUT HOW MANY CAN 
YOU FIND WHEN YOU WANT 
TO SERVICE IT? 


There's one you won't have to search 
for. Conrac. 

We're committed to giving OEMs 
the service and support you need— 
when you need it and where you _.#f 
need it. We're implementing an © : 
extensive network of regional 
and local technical centers 
throughout the country, and 
that means service and 
replacement parts along 


rience, the broadest range of products in the 
industry, high quality, performance, reliability, 
serviceability, availability and responsive 
engineering and customer service—it's 
easy to see why Conrac is the first 
choice in OEM markets. You know 
that once you buy from us—you 
won't have to search for us. 

For more details on Conrac’s 
complete line of monitors, and 
a our schedule of training pro- 
with sales support nearby, grams, call or write: 
where you need it. And with Conrac Division, Conrac Cor- 
our ongoing training program, poration, 600 N. Rimsdale Ave., 
the skills that our people can Covina, CA 91722. 
offer your people are con- Regional Offices: 
stantly being polished and Western (213) 966-3511, 
upgraded. Mid West (312) 833-3310, 

When you look at the total Eastern (203) 348-2100, 
picture—our 36 years of expe- New England (617) 272-6720. 


CONRAC 
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Well, IBM claims yet another first. 

By offering the p-System™ on their Displaywriter 
and PC, it becomes the only operating system they 
market for both. They obviously know a good thing 
when they see it. 

But then so did Apple® Commodore, Corvus,” TI, 
Digital, HP Osborne Philips, Sage® Zenith, NEC, and 
Olivetti, for that matter. 

And as a microcomputer manufacturer, you can 
see why. Applications sell hardware. But in the 16-bit 
marketplace, there just aren’t enough applications 
available. Or are there? 

Right now, there are hundreds of high-quality 
p-System applications. Like general business applica- 
tions. Vertical applications for medicine, law, and real 
estate. And integrated professional productivity tools 
such as spreadsheets and word processing. The list 
goes on. 

With the p-System, these applications can be 
running on your machine, too. Sooner than you thought 
possible. 


Nice 
move 
IBM. 


And, with the p-System you can offer your cus- 
tomers the most complete set of microcomputer 
software development tools anywhere. Including com- 
pilers for UCSD Pascal” FORTRAN-77, and BASIC, 

a screen editor, 10 macro assemblers, a print spooler, 
graphics utilities, and a host of others. 

The p-System, the Universal Operating System.” 
makes it possible with real portability across all 8 
and 16-bit micros. We can make it possible for you, too. 
Inexpensively. After all, IBM is offering it on the PC 
for just $50. 

So check into acquiring the world’s only Universal 
Operating System yourself. 

IBM did. And how often do they make a bad move? 


SOFl@cH 


micROsSYsTems 
Finally, once is enough. 


SofTech Microsystems - 16885 West Bernardo Drive - San Diego, CA. 92127 - (619) 451-1230 


IBM is a registered trademark of International Business 


Universal Operating S tem are trademarks 


Sage is a registered trademark of Sage Compute: 


chines Corporation. Apple is a registered trademark of Apple Computer, Inc. UCSD Pascal is a trademark of the Regents of the University of California 


»mputer Corporation. 
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MICROPROGRAMMING 


FOR THE MASSES 


Microprogrammable, single-chip processors and their 
associated software tool kits are falling into the hands of 
designers. The result may be a revolution in instruction coding. 


by Roy M. Matney, 
Andre Orban, and 
Tom M. Albers 


For years, microcoding of custom instructions has 
been common in large computers incorporating 
writable control stores—and for good reason. 
Custom microcoded instructions execute at far 
greater speeds than assembly language sequences, 
thereby optimizing the processor for specific appli- 
cations. Microcoding, however, is tedious and can 
be likened to brain surgery: the slightest error 
renders the entire organism incapable of executing 
any instructions at all. For this reason, among 
others, the science of microcoding has been limited 
to exotic hardware tended to by a select few. 
Texas Instruments is changing this picture with its 
family of single-chip processors that are user micro- 
programmable. This feature is achieved by a pack- 
age of support software and hardware that enables 
design engineers working on a microprocessor- 
based system to take advantage of custom instruc- 
tions. It also eases system design by allowing 


Roy M. Matney is microcode application manager at 
Texas Instruments, Inc, 9901 S Wilcrest Dr, MS 6418, 
Houston, TX 77099. He holds BSEE, MSEE and PhD 
degrees from the University of Texas, Austin. 


Andre Orban is a manager of software development 
at Texas Instruments, Inc. He holds BSEE and MSEE 
degrees from Carnegie-Mellon University. 


Tom M. Albers is a microcode application engineer at 
Texas Instruments, Inc and holds a BSEE degree from 
Texas A & M University. 


programming, rather than costly hardware, to meet 


execution speed-related goals. The micropro- 
gramming of a custom TMS7000 chip accrues a 1-time 
cost while providing an elegant as well as econom- 
ical solution to the performance price problem. 


Microcode defines an instruction set 

The instruction set of a central processing unit 
(CPU) can be defined in one of two ways: by hard- 
wired logic or by microcode. In the hardwired case, 
random logic gates are connected in a manner that 
determines actions required to execute an instruc- 
tion. When using microcode, a set of micro- 
instructions defines instruction sequences. These 
microinstructions are held in the control store 
memory which, on current microprocessors, is read 
only. Thus, if it were possible to program a different 
set of microinstructions into the control store, the 
processor’s instruction set could be altered. 
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Traditionally, microprocessor control has been 
implemented in random logic instead of micro- 
code. The microcode approach, however, is easier 
and faster and, since most of the logic is in read 
only memory (ROM), requires less silicon. The real 
advantage of microcoding is its flexibility and the 
inherent ease with which functionality can be in- 
creased. Indeed, the increasing complexity of very 
large scale integration chips has necessitated the 
move to microcoded architectures. 

Two approaches to microcoded processors are 
available. In one case, designers can select a nar- 
row width microstore memory and implement the 
opcodes in a lengthy sequential manner. This 
approach requires each data transfer to have its 
own microcode step. Thus, the microcode memory 
needs to be longer and the execution of each opcode 
becomes slower. Another penalty of narrow micro- 
coded devices is the need for extensive decode logic 
to interface the output of this control memory to 
the gates that need to be controlled. 

The second approach to microcoded instructions 
uses a much wider microstore memory that does 
not require extensive decode logic. This wider con- 
trol memory permits chip designers to use parallel 
activities as much as possible. In other words, each 
microcoded word controls many operations at the 
same time. A typical example might be the loading 
of multiple registers while simultaneously controlling 
an arithmetic logic unit. Overall device perfor- 
mance is thus maximized. 

To allow the integration of horizontal microcode 
(the wider micromemory approach) into a single 
chip, the company has developed a technique called 
strip chip architectural topology (SCAT) to reduce 
the bar size to an acceptable level. 

This technique routes all chip interconnection 
circuitry over, rather than around, active devices. 
In this way, no silicon is wasted on interconnections, 
and total chip size is greatly reduced. All memory 
elements, such as chip registers, are aligned verti- 
cally so that a single set of straight data lines can be 
run over them, while all control lines are aligned 
horizontally alongside the control read only 
memory (ROM) that activates them. This technique 
makes maximum use of available silicon. 

Moreover, the SCAT structure of the chip allows 
parallel operations to be performed simulta- 
neously. To maximize parallel operations and in- 
crease speed, horizontal control stores have also 
been implemented. 

There is one bit in the control ROM word for each 
function to be controlled in the horizontal architec- 
ture of this family of chips. For example, a single 
bit controls the loading of the instruction register 
or the gating of a specified register onto a desig- 
nated internal bus. Obviously, the horizontal store 
consumes more silicon; however, any of the inter- 
nal source registers can be strobed simultaneously— 
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Fig 1 The display controller/video display processor 
interface illustrates how user written microcode helps 
simplify the problem of display control. Streamlined code 
capable of simultaneously controlling several functions 
optimizes the control process. 


something that is impossible with the vertically 
encoded control store. For instance, if three registers 
are to receive the same value, it would take three 
operations with the vertically encoded store, but 
only one with the horizontal store. Also, the verti- 
cal store requires decoders near the registers to 
interpret their encoded fields. These decoders slow 
down the execution speed of vertically encoded 
machines even further. In the TMS7000, a 45-bit 
wide horizontal control ROM is required to control 
every device function. 


Adding special instructions 

User microcoded machines allow new instruc- 
tions to be added to the standard set. Almost every 
system has some high speed aspect that the micro- 
processor cannot serve without external latches and 
other logic. With a microprogrammable part, how- 
ever, a special instruction can be added to the basic 
repertoire to satisfy that need without external 
hardware. 

A user defined microinstruction can execute up 
to 10 times faster than an equivalent assembly lan- 
guage sequence, since users specify the exact 
sequence of operations to perform a certain func- 
tion. In this way, users can take advantage of all 
the parallel operations that can be performed to exe- 
cute a function quickly. For instance, each internal 
bus can be used to carry out many parallel data 
transfers simultaneously. 

One advantage of the inherent speed of a hori- 
zontally encoded control store is in the interface 
protocols among the system elements. Controllers 
for printers, tape drives, and video displays all re- 
quire intricate bit patterns. The speed at which 
these control words can be sent often determines 
the speed of the system. Sometimes it takes several 
assembly language instructions to perform the 
mask operations required to compose these intri- 
cate control codes. On the other hand, just one 
user defined microcoded instruction can perform 
the same job. 

Typically, system designers determine the opera- 
tions that are most often used, yet difficult to per- 
form, for a particular application. New designers 


can add custom microinstructions to perform them. 
Custom instructions can also reduce costs for appli- 
cations requiring very fast response to external sig- 
nals. Rather than add special purpose hardware to 
service an external input, a special instruction can 
be added to service the external input in microcode 
rather than assembly language. This situation is 
analogous to dropping into assembly language 
from Basic to perform some time-critical task like 
sorting. 

Microprocessing system designers now have 
another level to drop to when even greater speed is 
required. This solution involves a 1-time tooling 
cost to implement the custom instructions, rather 
than the cumulative cost of special purpose hard- 
ware. It further improves on existing approaches 
since microcode cannot be easily read or copied. 


Microcoded solutions 

An operation that produces a 100-bit pulse train 
illustrates the speed that can be gained by using 
microcode. In assembly language, this requires 
sending an output to a port, waiting, sending the 
inverted bit to the port, and then looping 100 
times. Such an operation requires at least three 
instructions and all the associated overhead in- 
curred fetching them from memory. In microcode, 
a single instruction can be custom tailored to per- 
form the same task. That is all it will do, but it will 
do it about 15 times faster. 

On the system level, a similar example is the 
optimization of the interface between a TMS7000 
computer, functioning as a display controller (DC), 
and a video display processor (VDP). In this ex- 
ample, the display controller is used to control the 
display operation of the VDP through a 3-line con- 
trol bus and an 8-line data command bus (Fig 1). 
The VDP, in turn, uses an 8-bit address data bus to 
communicate with its video display random access 
memory (VD-RAM). The latter bus interface is opti- 
mized and operates in a speed-efficient manner. 
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Fig 2 Video display RAM to screen mapping uses 3 bytes to 
represent 8 pixels. The RMOD instruction allows 1 bit in each 
byte to be modified for a color change. The R,G,B bits 
define colors in VD-RAM. 


MICROCODE 
MNEMONIC 


END 


OF 
UPDATE? 


RETURN 


Fig 3. Software flow during a typical screen update is based 
upon three instructions: CLRN, RMOD, and ERAM. The 
objective is to vertically map 3 color bits into pixel 
definition bytes. 


However, the DC/VDP interface is complicated by 
the control bus structure that the VDP requires. 
Obviously, this is a case for microcoding. 

As stated, the display controller must communi- 
cate to the VD-RAM through the vDP. Hence, reads 
and writes of these data (and screen updates) are 
very speed dependent. The visual effect of slow 
throughput can be devastating. As shown in Fig 2, 
3 bytes of VD-RAM are used to define each set of 8 
pixels. The display controller can only access these 
through the VDP. Hence, to change a particular 
pixel without altering the surrounding pixels, 3 
bytes must be read and 1 bit in each of the 3 bytes 
modified. For example, if users wish to change pixel 
“*f,’’? bits fy, f2, and f3 must be modified to the new 
color ‘‘code.’’ This is the read/modify portion 
(RMOD) of a screen update. Before this action, the 
display controller must ‘‘point to’’ the 3 bytes. 
This is done by the column/row microinstruction 
(CLRN). After the RMOD execution, the 3 altered 
bytes must be written back to the VD-RAM through 
the VDP, executed by write to RAM (ERAM). This 
flow is illustrated in Fig 3, which also describes the 
overall flow for a screen update. 
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MICRO CODE FLOW CHART 
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Read loop 


(Each name in the chart is an executable 
machine microinstruction) 


General instruction code 


(Special Header code = 7 states) 
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Go to next instruction 


Fig 4 The RMOD instruction microcode sequence illustrates the brevity and efficiency of this approach. This code 
consumes only 50 control ROM locations, 19 of which are shared with other instructions. 


Of the three routines (RMOD, CLRN, and ERAM), 
RMOD provides the greatest speed increase. The 
assembly language code necessary to read 3 bytes 
of the VD-RAM, and then modify them according to 
control information, would require about 40 lines 
of code. Basically, a 3-bit color value must be 
mapped vertically into the 3 bytes that together 
define the pixel. A mask points to each bit while 
two other masks set and reset bits in the 3 bytes. 
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The bytes are stored on the stack and modified bit 
by bit. The total macrocode execution time varies 
depending on the number of pixels to be modified 
(from | to 8). 

Fig 4 shows this same function in microcode. Its 
functional execution basically corresponds to the 
assembly language source, but is executed much 
more efficiently. Further, it optimizes the power of 
the CPU, something general assembly language 


statements cannot do. The common code state- 
ments (COMNO1-COMN12) are shaped with the other 
microcoded routines (such as CLRN and ERAM), 
exhibiting the versatility of microcode. This 
routine executes up to eight times faster than 
assembly language, and uses less ROM space. 

The Table ‘‘Macro Micro Comparison,’’ com- 
pares the ROM usage, the total machine cycles, and 
the resultant execution speed of the microcode and 
macrocode routines. For this routine, the improve- 
ment is overwhelming. The ROM usage is superior 
by 59 to 1, a critical measure for tightly packed 
code. Execution speed, based on machine cycles 
executed, ranges from five to almost eight times 
better for the microcoded sequence. This is because 
a complex routine, requring extensive CPU usage, 
can optimize the display controller’s microcoded 
architecture effectively. The microcode also opti- 
mizes the peripheral point’s usage input/output to 
satisfy the VDP’s complex interfacing protocol. 


Development tools simplify microcoding 

There are special problems associated with 
designing microcode software development tools, 
especially for horizontally encoded machines like 
the TMS7000. With wide control stores, such as 45 
bits, conditions arise that have no equivalents in 
standard assembly level situations. Parallel opera- 
tions that produce conflicts must be avoided while 
maximizing legal parallel operations. For instance, 
no two line drivers for the same data path can be 
simultaneously active. However, as many input 
registers as desired, which require data from that 
path, can be strobed simultaneously. 

In vertical machines, the encoded microcode 
fields and their associated decoders and multi- 
plexers prevent bus contention. Thus, vertically 
encoded machines present fewer bus contention 
problems and allow users merely to specify source 
and destination registers for an operation, as in a 
normal assembly process. 

For the TMS7000, however, anything can happen 
in parallel, and all 45 bits of each microcode word 
must be carefully checked for contention prob- 
lems. Normal software development tools do not 
handle the problem presented by bus contentions 
due to concurrent activities occurring at the 
microcode level. 

For these reasons, the company has developed 
an integrated hardware/software microcode devel- 
opment package (Fig 5) that works in conjunction 
with its development systems. The hardware con- 
sists of a special emulator that can reconfigure 
itself to execute the new user defined micro 
opcodes. The output of the micro assembler is 
downloaded into the emulator where new in- 
structions can then be tested in the target system 
hardware. This special emulator holds the new 


Macro Micro Comparison 


Code level 


Macro Relative 


performance 


60 


Micro 


ROM bytes 
used 
Machine 
cycles 
required 
Time 
required 

at 5MHz 


60 


183 x 281n 59x 31n See below 


73.2 + 112.4n 23.6 + 12.4n See below 


(a) 


Value of n, number of pixels modified 


2 4 


745 
121 


1307 
183 


Execution speed 
(microseconds) 
298.0 522.8 

48.4 73.2 


185.6 
36.0 


Relative performance 


5.2 6.2 Won 


instructions in a fast RAM control store that func- 
tionally duplicates the control ROM in a production 
device. 

The micro assembler (MICASM) augments the 
standard tools normally available for micropro- 
cessor software development. MICASM is written in 
Pascal and is designed to run on any hard disk TI 
minicomputer. It divides the micro assembly task 
into three phases: definition, assembly, and for- 
matting. 

In phase 1, users employ the standard definition 
file that consists of a mnemonic definition, con- 
flict, and inclusion statements. The definitions file 
also includes a control-signal description that gives 
an overview of the relationship between particular 
mnemonics and the bits that they affect. This 
information is used for references as well as for 
decoding MICASM-generated control ROM words. 
The mnemonic definition part of the file is fixed 
for the type of processor being used (in this case, 
the TMS7000), since those mnemonics refer to the 
particular architectural features of the processor. 

Similarly, conflict statements are specific to the 
architectural features of the processor. They 
specify the mnemonics that cannot be coded 
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THIS MACRO ASSEMBLER DEVELOPS 
ASSEMBLY LANGUAGE CODE. 
MACROS REPRESENT NEW 
MICROCODED INSTRUCTIONS 


TE INCLUSION OF SUFFICIENT 
INFORMATION FOR EACH STATE 


AMPL EMULATOR 


THIS EMULATOR PERFORMS 
CHECKOUT OF MICROCODE 
AND ASSEMBLY LANGUAGE 


USER VERIFIES 
CORRECT MICROCODE 
OPERATION 


TEST DESCRIPTOR LANGUAGE (TDL) 


CREATES TEST PATTERNS FROM 
THE SIMULATION 


Fig 5 The user’s microcode tool kit includes a microcode 
assembler, a macro assembly language assembler, an 


emulator, a simulator, and a test pattern generation utility. 
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together in a single microinstruction. In addition, 
they prevent the micro assembler from creating 
contention on buses due to multiple sources for a 
single destination, and multiple destinations from a 
single source (when the latter is architecturally 
impossible). 

Conflict statements are used together with inclu- 
sion statements that define specific strings of 
mnemonics, one of which must be included in each 
microinstruction. The inclusion statement guar- 
antees that each state is completely defined—ie, a 
source, destination, and function are specified for 
each machine state. Together, they ensure that an 
optimal solution to the microcoding problem will 
be found. 

After microcode mnemonics have been fully 
defined, the assembly phase consists of using those 
definitions to convert a user’s source file into a 
microcode object file. The formatting phase then 
converts the object file into a modular form useful 
for reference by designers. It also appends the file 
to a full micro assembly listing. Here, address data 
word pairs are given in a tabular form in the same 
order in which they were defined in the source code. 


Adding to the standard set 

The standard instruction set on a display con- 
troller uses the entire 160-word control ROM. 
About 25% of control ROM can be redefined by 
users to create new instructions. To assist users fur- 
ther, the standard microinstructions are docu- 
mented so that their mechanisms can be used to 
minimize the amount of control ROM required. For 
instance, determining the addresses of operands 
and fetching them can all be done by existing 
microcode subroutines. Users simply add the 
special arithmetic/logic operations required for a 
specific application. In this way, a typical user can 
add up to 20 new instructions to the core set of 160 
instructions. In applications requiring a large 
number of custom instructions, it is possible to 
identify more unneeded instructions. It is even 
possible for users to define a completely unique 
instruction set. Most users, however, choose merely 
to modify the standard set. 

The future promises an expansion of program- 
mable control store ROMs as well as software tool 
choices. Simulators and automatic test pattern 
generators are two additions that can be expected 
very soon. 


Please rate the value of this article to you by 
circling the appropriate number in the ‘‘Editorial 


Score Box’’ on the Inquiry Card. 


High 734 Average 735 Low 736 


Digi-Data Series 2000 


THE COOL STREAMER 


Digi-Data Series 2000 streamers 
put the heat on the competition — 
and off the tape. 

Unlike our competitors, whose 
streamers draw air over hot com- 
ponents before blowing it into the 
tape compartment, the Series 2000 
keeps its cool by pulling air from 
outside the rack directly across the 
entire tape path. The cooling fan 
moves large amounts of cool air over 
the tape, keeping it below the easily 
exceeded ANSI limit of 90°F regard- 
less of rack temperature. And by 
exhausting air outside of the rack, 
the streamer does not increase rack 
temperature. 


This cool tape path is just one of 
the reliability features Digi-Data 
designed into the Series 2000. Solid 
state sensors and microprocessor 
controlled calibration and power-up 
diagnostics are standard. Step-write, 
microprocessor controlled read elec- 
tronics and extended deskew buffer 


make 3200 bpi operation more reliable. 


And Series 2000 performance 
matches its reliability. With speeds 
up to 125 ips for 1600 bpi and 62.5 ips 
for 3200 bpi, the streamer can back 
up 92M bytes on a single tape reel in 
under 10 minutes (including rewind). 
A unique adaptive streaming feature 
enables the Series 2000 to adjust its 
tape speed to match the data rate. 


CIRCLE 117 


Series 2000 is just one of Digi-Data’s 
full line of 2" and 4" tape drives for 
streaming and conventional start/stop 
operation. 


DIGI-DATA 
CORPORATION 


»... First In Value 


8580 Dorsey Run Road 
Jessup, MD 20794 


Tel. (301) 498-0200 
TWX 710-867-9254 


In Europe contact: 
Digi-Data Ltd. 

Kings House 

18 King Street 
Maidenhead, Berkshire 
England SL6 1EF 


Tel. 0628 29555-6 
Telex 847720 


Just how long should 
standby power stand by? 


Five years? Ten years? Twenty? capacity at —40°C. And the truly sealed design 
Quite frankly, we don’t know. means total freedom from maintenance and 
But we do know that Gates Energy cells terminal corrosion. 
retain better than 80% of their rated capacity Gates Energy cells are rated at 2 volts with 
for eight to ten years at 23°C. in capacities at 2.5 Ah, 5 Ah, 12.5 Ah 


float applications. 

Compared with our nearest 
competitors, our energy cells may 
qualify as the Methuselah of stand- 
by power. 

When it comes to cold weather 
performance, our cells deliver 50% 
of their C/10 room temperature 


and 25 Ah. They can be assembled 
into an endless variety of config- 
urations. 

Learn more about Gates 
Energy cells. Call, or write, Gates 
Energy Products Inc., 1050 S. 
Broadway, Denver, CO 80217. 
303/744-4806. 


SEAL Dp 
nChaRCE ABLE 


CIRCLE 118 


SYSTEM COMPONENTS 


Workstation connects 16/32-bit micro power to Unix and graphics 


Cadmus 9790 ties microprocessor capa- 
bility, the Unix operating system, and 
high resolution graphics together in an 
advanced function workstation. Based 
on the 16/32-bit MC68000 (68010), the cen- 
tral processor is supported by a discrete 
memory management unit (MMU) using a 
2-step implementation. The MMU per- 
forms address translation, enforces 
access protection, and provides support 
for demand-paged virtual. memory. A 
10-MHz clock speed allows the processor 
to run computation-intensive applica- 
tions. Processor onboard memory con- 
sists of 8K bytes of ROM with standalone 
boot, monitor/debugger, and 4K bytes 
of scratchpad RAM. 

The system bus structure encompasses 
a Q-bus compatible backplane bus, and 
an S-bus that acts as a proprietary 


memory channel. This S-bus interfaces 
with dual-port memory cards via two 
40-connector ribbon cables and allows 
main memory access to take place at full 
processor speed without Q-bus interven- 
tion. Through Q-bus flexibility, the 
workstation system has expansion room 
in the card cage and free positions for 
5%" peripherals. The arrangement of 
signals on the Q-bus permits full-width 
and half-width modules to be intermixed 
for a more compact, economical system. 

The workstation’s graphics terminal 
features a 1024 x 1024 addressable reso- 
lution and a 1024 x 800 displayed resolu- 
tion. Graphic processing is supported by 
a hardware raster mechanism that allows 
construction, modification, and duplica- 
tion of graphic primitives and complex 
symbols. This display method transfers 


bit blocks in which pixel rectangles are 
moved to and from any position in the 
video, program, or disk memories. 

During the transfer, all binary combi- 
nations of source and destination pixels 
are performed. A _ word-addressing 
scheme permits transfers from the frame 
buffer or other memory. The display 
itself is a 17” monochrome device with a 
tilt and swivel base and a mouse inter- 
face. Cursor controls and function keys 
are the main features of the display’s 
detachable keyboard. 

Main memory specifications are based 
on the dual-ported architecture with 
Q-bus and S-bus contentions handled 
onboard. Memory capacity per board is 
512K bytes of dynamic RAM with parity 
protection. Maximum memory per sys- 
tem is 4M bytes. 

Additional memory is available in the 
Winchester disk subsystem. The 5%” 
fixed drive has a 62.04M-byte formatted 
capacity and a 30-ms average access time. 
The recording medium is metallic film 
plated on a 130-mm diameter aluminum 
substrate, while recording heads are 
Whitney-type minicomposite ferrite 
read/write heads. The subsystem fea- 
tures a dedicated head landing/shipping 
zone at power off, a rotary voice coil 
actuator, and a closed-loop track-follow- 
ing servo system. An ST-560/412 type 
interface provides a 5M-bps transfer rate. 

Using the Unix Version 7/System III 
Operating system, the workstation con- 
tributes additional utilities with the 
Berkeley and Cadmus enhancements. 
Unix supplies a hierarchical file struc- 
ture, a consistent method of device 
access, and a customizable user inter- 
face. Available third-party software 
packages include database, spreadsheet, 
word processing, and CAE capabilities, 
as well as development tools such as lan- 
guage compilers and an application 
generator. 

Expansion options include a Multibus 
adapter and card cage, floating point 
processor, and an array processor. Also 
available are an Ethernet (for resource 
sharing), high performance (50M bps) 
fiber optic LAN, and a 20M-byte stream- 
ing cartridge tape and controller. 

The system typically requires 600 W of 
power. Line voltage is 115 Vac (+ 10%) 
or 230 Vac (+ 10%) with a line frequency 
of 48 to 62 Hz. The 9790 system is priced 
at $17,900. Cadmus Computer Systems, 
600 Suffolk St, Lowell, MA 01854. 
Circle 260 


COMPUTER DESIGN/October 1983 


249 


PC-Board- 
Type Relays 


SYSTEM COMPONENTS 


System plays dual role 


EXORset 110 provides users with dual 
capacity. First, the desktop system can be 
used as a controller in a variety of auto- 
mation and data acquisition applications. 
Second, it allows major microprocessor 
developments to take place efficiently. 

The controller uses an MC6809 16/8-bit 
microprocessor. This micro has an ex- 
tended instruction set and addressing 
modes and an architecture that allows 
efficient software execution. In addition, 
structured programming, position-inde- 
pendent code, reentrant routines, and 
realtime operations make the processor 
suitable for high level language program 
development. 

Three versions of mass storage are 
offered: no floppy disk drives, one 
double-sided minifloppy disk drive for 
160K bytes, and two disk drives for 320K 
bytes. All three versions include 2K bytes 
of dynamic RAM for CRT character 
refresh, 56K bytes of dynamic RAM, and 
three strappable sockets. The sockets are 
set for 1K, 2K, 4K, or 8K ROMs or 
EPROMsS. A fourth socket can be set up 
for a user-defined monitor routine. 


Fujitsu: World-Cl 
Components 


Alpha- 
Plasma Displays 


Bubble Memory 


in control and development 


ExoRset provides three inboard 1/0 
ports. An asynchronous serial communi- 
cation port has a strap-selectable interface 
option (RS-232-C, RS-422, or RS-423) and can 
be configured as a terminal or a modem. 
The software programmable baud rate is 


110 to 19.2k baud. The parallel 1/0 con- 
sists of a 16-bit data control line plus four 
handshake control lines. It has a buffered 
PIA device with a Centronics printer- 
compatible interface. 

The system serves as an integration cen- 
ter for hardware/software development. 
A communication link with the HDs-200 


allows emulation for the M6805 and 
M146805 families. In this mode, the device 
acts as a host and terminal. Programs are 
downloaded into the development station 
so that the Exorset is free for other soft- 
ware development tasks. 

Moreover, the EXORbug monitor can 
be located anywhere in the memory map. 
Its debugging capabilities include mem- 
ory read and change, memory block 
move, search for 8- or 16-bit patterns, and 
traces. In addition, hardware breakpoints 
can be set (up to 4096 within a 4K-byte 
address range) with realtime execution 
between breakpoints. The monitor also 
performs screen, terminal, and printer 
functions. 

A 4-slot cage with bus connectors 
allows the system to expand through the 
use of EXORbus-compatible modules. 
The EXORset 110 pricing in quantities of 
one to five is $5900. This includes the 
X-DOS operating system, CRT editor, 6809 
macro assembler, and a complete set of 
user guides. Motorola Semiconductor 
Products, Inc, PO Box 20912, Phoenix, 
AZ 85036. Circle 261 


Flat-Cable 
Connectors 


nil 


Cassettes and Cards 


World-Class Components 
Part of Tomorrow's 
Technology 


FUJITSU 


("iil 


918 Sherwood Drive, Lake 
(312) 295-2610 Telex: 206196 TWX: 910-651-2259 


Custom 
Hybrid IC’s 


Component Division Fujitsu America, Inc. 


luff, IL 60044 


Plotter draws up graphics for small-computer workstations 


Because of their usefulness in analyzing 
and presenting information, plotters have 
become essential peripherals for small- 
computer workstations. The HP 7475A 
plotter was specifically designed to meet 
the needs of low cost graphics in small- 
computer systems. 

Interface flexibility is provided. Two 
interfaces can be specified: HP-IB, which 
is an enhanced version of the IEEE 488 
bus; or RS-232-C, which provides plotter 
compatibility with small computers from 
Hewlett-Packard, IBM, Apple, DEC, 
Commodore, Compagq, and others. As an 
option (when using the RS-232-C inter- 
face), an eavesdrop cable allows the plot- 
ter to operate in series with a terminal, 
thereby using only one serial port. 

Pens are selected by front-panel con- 
trols or program commands. A pen- 
velocity command is available for special 
drawing conditions; a ‘‘view’’ mode stops 
operation for review of the plot; and a 
rotating feature allows horizontal charts 
to be formatted vertically. When the pens 
are returned to the 6-pen carousel, they 
are automatically capped to prevent them 


rmal Printers from Fujitsu. 


lixed head design, the result of our 
own advanced pa Oey: offers many 
outstanding advantages. You get ex- 
ceptionally clear printing and graphics 
for easy reading. High speed gener- 
ation of up to 120 characters per 
second that enlies complete lines 
at a time for high efficiency, and 
solid black for bold graphics. Virtually 
noiseless printing and last line visibility. 


And the whole printer comes in a compact, very 


raphics, Whisper Quiet 
ind Unparalleled Reliability 
1 The Long Life Leader 


rself to the New Mini 20 and 40 


from drying out. A variety of 
pen widths and colors is 
available. 

Several software houses 
supply plotter software for 
users who do not want to do 
their own programming. 
However, the plotter con- 
tains more than 50 Hewlett- 
Packard graphics language 
commands. These com- 
mands cover pen move- 
ment, character selection, 
area fill, and scrolling. There 
are 19 character sets includ- 
ing ISO European standards 
and Katakana. 

Acceptable media sizes include two 
ANSI sizes, A (82"” x 11”) and B (11” x 
17"); and two ISO sizes, A4 (210 x 297 
mm) and A3 (297 x 420 mm). The plot- 
ter accepts overhead transparency film. 

Multicolor pie, bar, line, and text 
charts are produced with high line qual- 
ity. This line quality results from a 0.001” 
(0.025-mm) resolution. The plotter draws 
at speeds of 15 ips (38.1 cm/s) with a 2-g 


lightweight package that meets the Centronics 


Standard, making it easy to interface with 


existing systems. 


World-Class Components 
Part of Tomorrow's 
Technology 


iil 


FUJITSU 


ili 
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Component Division Fujitsu America, Inc. 
918 Sherwood Drive, Lake Biuff, IL 60044 
(312) 295-2610 Telex: 206196 TWX 910-651-2259 


pen acceleration. Each velocity axis is 
programmable from 1 to 38 cm/s in 
l-cm/s increments. 

The plotter requires minimal space. Its 


dimensions are 22.4” x 14.5” x 5” 
(568 x 367 x 127 mm). The HP 7475A is 
priced at $1895 and delivery is estimated 
at stock to two weeks ARO. Hewlett- 
Packard Co, 1820 Embarcadero Rd, Palo 
Alto, CA 94303. Circle 262 


The result is a perfect pr 
nent for applications s 
surement and analys 

personal computers é 


ing edge in de 

through, problem-solving te 
Offering companies, worldwi 
promising quality and reliability 
sult of Fujitsu's insistence on contro 
in house, every aspect of the design 
manufacturing process. And delivering 


the highest level of service and absolutely — 

competitive prices. So no matter what your 
printing requirements, Fujitsu Mini Thermal _ 
Printers are the clear choice. 


Find out more. Call or write Fujitsu today. 
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Graphics processor contributes roam, zoom, and high resolution 


Using three microprocessors and a dual- 
ported architecture, Telesis Systems 
Corp’s graphics processor produces pic- 
ture resolutions up to 2000 x 1000 pixels. 
Several processor functions allow high 
performance processing in CAD/CAM 
systems. 

Advanced processor functions are con- 
trolled through a proprietary ‘‘function 
screen.’’ The function screen replaces the 
conventional array of 1/0 devices, com- 
puter languages, and menu codes with a 
single user friendly device. English com- 
mands step the operator through design 
steps with an interactive approach. 

The ‘‘roam’’ function allows the user 
to scan through a stored picture. This 


function is accessible in two 
modes. The first is the 
‘*joystick’? mode where the 
function screen takes on the 
characteristics of a velocity 
joystick. By using a lightpen, 
the user canroam the picture 
with a speed related to the dis- 
placement from the initial 
point on the screen. There- 
fore, the farther away one 
moves the lightpen from its 
starting point, the faster the 
_ picture will move. 
Second, the ‘‘natural’’ roam mode 
allows the designer to work normally on 
the portion of a picture that is currently 
displayed. When the cursor is moved to 
the outer edges of the screen, the system 
automatically detects the limit and moves 
the picture in the appropriate direction. 

Zoom control enables the designer to 
magnify picture size in increments of one, 
two, or four times. The designer can then 
focus on a particular section of the design 
for detailed editing. All functions and 
features are reentrant so that changes 
made in the zoom mode are automatically 
updated. 

World window allows the designer to 
switch from a view of an entire schematic 


or board design to a portion stored in the 
picture space. The switch occurs in less 
than 0.5 s, and synchronization is main- 
tained between both representations. 
Window area can be increased or de- 
creased at will, and the window portion 
is highlighted for visual verification. 

There are two forms of cursor control. 
The system uses a full-screen vertical and 
horizontal crosshair to pinpoint the pres- 
ent cursor position. In addition, a dy- 
namic cursor allows a symbol, a string of 
text, or a portion of a drawing to become 
the cursor. Once the cursor is chosen, it 
can be moved, in real time, to any desired 
location on the screen. No restrictions are 
placed on the dynamic cursor’s size. 

Implemented with a pipeline architec- 
ture, the system uses an 8-MHz 68000 (the 
8085) and the NEC 7220 graphics processor. 
Dual-ported memory and an optimizing 
cross compiler allow graphics software 
from the first-generation system to be 
downloaded to the 68000 for faster execu- 
tion times. The 68000 also accesses data 
stored in pages on a Winchester disk, pro- 
cesses the data, then passes the data to the 
7220 processor. The graphics processor is 
priced at $7500. Telesis Systems Corp, 
21 Alpha Rd, Chelmsford, MA 01824. 
Circle 263 


Microprocessor development system puts the VAX into service 


EMUNET-2 is based on DEC’s VAX, a 32-bit 
minicomputer that uses the VMS oper- 
ating system. This microprocessor devel- 
opment system is host independent, 
enabling it to work with any vAx—either 
the 11/730, the 11/750, or the 11/780—with 
easy migration from one model to 
the next. 

The system supports up to 60 hard- 
ware/software workstations at distances 
of up to 5000’ from the host. The modi- 
fied ECL-3211 standalone systems are 
linked to the VAX via coaxial cable data 
links. All software-only stations are con- 
nected to the VAX via RS-232 lines. Each 
ECL-3211 workstation has its own DEC 
LSI-11 CPU. As a result, no individual 
workstation places a significant load on 
the host during emulation or ‘‘local’’ 
operation. The workstation arrangement 
can easily change as each multidrop data 
link accommodates up to 15 hardware/ 
software workstations. In addition, four 
links of this kind can be used in one 
system. Data transfers between the host 
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and the workstations occur at 
rates of 1M baud. 

A virtual disk architecture 
gives each workstation trans- 
parent access to the mass stor- 
age available on the VAx. 
Using the virtual disk process 
allows increased product 
coordination and software 
version control with no loss 
of realtime response. 

EMUNET-2 is both hard- 
ware and software compati- 
ble with the standalone 
ECL-3211 and the previously 
announced EMUNET-1. Be- 
cause the hardware and software are 
directly transportable from the low end 
to the high end, users can start with a 
small system and easily expand to a larger 
one without losing their initial investment. 

A typical EMUNET-2 system consisting of 
six satellite hardware/software work- 
stations in addition to six software-only 
stations is priced from $110,000 to 


$160,000. However, this price does not 
include a customer-supplied vAx. Addi- 
tional hardware/software stations are 
priced between $18,000 and $25,000. 
Delivery is 30 to 60 days ARO with 
complete specifications. Emulogic Inc, 


3 Technology Way, 
02062. 
Circle 264 


Norwood, MA 


programmer s 
READ THIS... 


NOW, | KNOW [| CAN MAKE BIG MONEY WRITING AND SELLING MY 
PROGRAMS. THIS BOOK TOLD ME WHAT TO WRITE — WHO TO SELL 
(T TO — THOUSANDS OF NAMES, ADDRESSES, IDEAS, GUIDELINES. 
**SOFTWARE WRITER’S MARKET”’ [S A FANTASTIC BOOK! 


Cae 


WHO TO SELL YOUR PROGRAMS TO s 
THOUSANDS OF COMPANY NAMES AND ADDRESSES, 
WITH DETAILED LISTINGS SHOWING: 

(1) WHAT PROGRAMS PUBLISHERS ARE LOOKING FOR 


(2) HOW THEY WANT YOU TO SUBMIT YOUR PROGRAM Fe 
(3) HOW MUCH THEY PAY — AND WHEN! ‘% sone © Order Your 
* 100 CATEGORIES — FROM “ACCOUNTS RECEIVABLE’® % * 
TO “GAMES” TO “VIDEO CONTROL” PROGRAMS Copy Today! 


* HOW TO WRITE CLEAR DOCUMENTATION 
* DEBUGGING TECHNIQUES 


Enclose check or money order 
for $19.95 (No C.0.D.’s) to: 
{PF Publications TOG S Ri ies otc 8S ie a AU Ot Pot GAA, ek eee 
146 Country Club Lane - N 
Pomona, NY 10970 
(914) 354-5585 CHY ee tiGiees CE Clan eaneree Maen, Zip 
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COMPARE 
STEPPING MOTORS 
AND CHOOSE. 


OURS vs. OURS 


Choose more performance 
at a low unit cost. 


Or the same performance 
at a lower unit cost. 


Dollar for dollar, our stepping motors put 
you at least one step above the rest. Evalu- 
ate our performance specifications against 
competitively priced stepper motors. You'll 
find there is no comparison. 

Our new stepping motors deliver higher 
performance (some as much as 35% 
greater, with better positional accuracy — 
including hysteresis). This translates into a 
competitive edge for your products — higher 
torque design margins and better accura- 
Cies at a low unit cost. 

Or you may choose our next smaller 
frame size unit that delivers the same torque 
as a competitor's larger, more expensive 
motor. Check your advantages — lighter 
weight, smaller package envelope, equal or 
better performance at a lower cost. 


Stepping Motor Capabilities: 
: PM Hybrid—Size 15 to 23 
- Can-Stack PM—Size 5 to 23 
- VR Motors —Size 23 


Options Available: 
Custom windings, shaft, connectors, pinion 
gears, gearheads, capstans, lead-screws, 
dual sleeves and ball bearings. 


Where imagination combines with technology. 


INLAND 
MOTOR 


SPECIALTY PRODUCTS DIVISION 
KOLLMORGEN CORPORATION 


One other design choice — our new all- 
sintered unit (PQ) in a compact, square 
configuration. It costs less than our other 
two series, with comparable performance. 

You benefit from the best of two worlds 
in high technology. The well-known high 
quality of Nippon Pulse Motor's efficient 
manufacturing. Backed by Inland Motor's 
technical support and product excellence. 

When precise positioning is critical or 
torque delivery is a premium (or both), your 
choice is Inland Motor/Nippon Pulse step- 
ping motors. It’s your decision — higher 
performance at a low unit cost, or the same 
performance at a savings. 

Either way— our advantage puts you 
one step ahead. 


Inland Motor, 4020 E. Inland Road, Sierra Vista, Arizona 85635 602/459-1150 TWX 910-973-9869 
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Color display oscilloscope incorporates liquid crystal shutter 


The 5116 introduces color to the 5000 
series oscilloscope line. Coupled with the 
5D10 waveform digitizer, which contains 
necessary source signals to operate the 
color shutter, the scope becomes a liquid 
crystal color shutter display with digital 
storage. 

A proprietary liquid crystal color shut- 
ter technology uses a single frequency 
material in an optical switch called a 7 
cell. This cell offers millisecond switching 
rates and eliminates the higher power, 
complex drive circuitry, undesirable 
temperature effects, and poor viewing 
angle of the 2-frequency switches. 

In the 7 cell, the fast switching time 
is achieved by the liquid crystal molecular 
arrangement. When an electric field is 
turned off, the necessary liquid aligns 
with the elastically induced rotation of the 
liquid crystal molecules. This alignment 
(plus thin cell spacing) results in fast cell 
switching. 

The shutter-CRT system is created by 
mounting a fast liquid crystal color shut- 
ter in front of a monochrome CRT. The 
color shutter contains the 7 cell sand- 
wiched between two orthogonal color 


OUTSTANDING 
STAND-ALONE BOARDS. 


polarizers and a neutral polarizer. Switch 
polarization determines which phosphor 
peak will be transmitted. Two sequential 
fields feed the transmitted information to 
the CRT, all synchronized with the shut- 
ter. The two primary colors are combined 
and appear this way to the eye. 

Color images (consisting of two pri- 
mary fields) must be presented at a 60-Hz 
rate to prevent flicker. As a result, the 
field rate must be 120 Hz for the entire 
image display. In the 5116, the color shut- 
ter must switch in less than 3 ms for ade- 
quate active display time for each color. 

The 5D10 waveform digitizer plugs into 
all 5000 series scopes, transforming 5000 
series mainframes into digital storage 
scopes. The digitizer stores transient 
events with frequency components up to 
100 kHz (single-channel acquisition) and 
50 kHz (dual-channel acquisition). Ver- 
tical resolution is 8 bits with 1024 data 
points. Accompanying digital readouts 
provide 1% accuracy both vertically and 
horizontally. 

Color traces act as coding devices to 
separate or emphasize information, 
enhance pattern recognition, and improve 


SMC's Stand-Alone boards stand out in the crowd. Our 


HAWK | Video Terminal Board provides all the circuitry 
to build a SMART" CRT Terminal, featuring enhanced 
video attributes and screen editing capabilities. Our 
ARCNET-LINK Board connects any computer with an 
RS-232 port to a high-performance ARCNET® local 
area network. For complete details, contact Standard 
Microsystems Corporation, 35 Marcus Boulevard, 
Hauppauge, NY 11788 (516) 273-3100. 


STANDARD MICROSYSTEMS. 
THE ONE TO WATCH. 


ARCNET® is a registered trademark of the Datapoint Corporation 
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the user interface. Alphanumeric readouts 
are color coded by channel, while X-Y 
and time measurements appear in neutral. 
Channel 1 data are blue-green and chan- 
nel 2 data are orange; voltage measure- 
ments are color coded by channel. 

The 5116 mainframe is priced at $2335 
and the spi0 digitizer is priced at $2850. 
Tektronix, Inc, PO Box 500, Beaverton, 
OR 97077. Circle 265 


NOW IBM-TYPE 
PERSONAL COMPUTERS CAN 
GO PUBLIC. 


SMC's ARCNET-PC board provides a simplified interface 
between the IBM® Personal Computer (PC) bus and an 
ARCNET® token passing local area network. It connects 
up to 255 computers and permits them to share disk files 
and printer resources, as well as send electronic mail to 
any system on the network. It does all this at a high per- 
formance 2.5 Megabit data rate, yet at a low cost due to 
the use of SMC's VLSI local area network chip set. For 


complete details, contact Standard Microsystems Corpo- 


ration, 35 Marcus Boulevard, Hauppauge, NY 


STANDARD MICROSYSTEMS. 
THE ONE TO WATCH. 


IBM® is a trademark of the International Business Machine Corporation 
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ARCNET® is a registered trademark of the Datapoint Corporation 
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N-CHANNEL DEVICE 


ALUMINUM CONTACT 


POLY-SILICON 
GATE 


POLY-SILICON 
INTERCONNECT 


P-CHANNEL DEVICE 


POLYSILICON ALUMINUM CONTAC 
GATE 


N-TYPE SUBSTRATE 


PLANNING A LOW POWER pP SYSTEM? 
THIS GTE FAMILY CAN GET YOU MOVING. 


THE G65SCXXX 8-BIT MICROPROCESSOR FAMILY. 


18 ISO-CMOS versions—ready to go. The 
choice is yours. Because now you can choose 
from a wide variety of software-compatible, low 
power microprocessors. The G65SCXXxX Series 
is available with a broad range of on-board fea- 
tures: Various addressable memory ranges, on- 
board or external clocks, input interrupt options... 
all, in a family of ISO-CMOS uPs and uCs. With 
those options, think of how much more efficient 
and effective you can make your solutions. 


Compatible with the NMOS 6500 Series. The 
G65SCXX Series is pin-for-pin compatible with 
NMOS versions of 6500 puPs now on the market. 
Both the G65SCXX and G65SC 1XX groups offer 
several enhancements not available in NMOS 
designs. ..including two addressable modes, an 
expanded microprocessor instruction set and 
operational codes. The G65SC1XX group also 
offers ML, BE and faster memory access. Both 
groups are also bus compatible with MC6800 
products. 
The low power advantage. With the 
G65SCXXX uPs, speed follows power, i.é., 
1MHz at 4mA, 2MHz at 8mA. Add the fact 
that all can run from a single 
+5V supply for true portability. 
And, |ISO-CMOS' combination 
of low power and high 


speed combine to give performance approaching 
low power Schottky and TTL bipolar processes. 


No searching for support. Look to GTE for a 
whole family of ISO-CMOS uPs, uCs and compat- 
ible support chips. ROMs. PIAs (Peripheral Inter- 
face Adapters). VIAs (Versatile Interface 
Adapters). RIOTs (RAM-I/O-Timers). 
ACIAs (Asynchronous Communica- 
tions Interface Adapters). The 
benefit: greater savings in time 
and money. The reward: you 
get to market faster, with a better 
product. 


No-Kludge answers. High speed 
and low power requirements 
make the G65SCXXX family a 
natural for microprocessor-based 
systems. And with 18 versions 
to choose from, you can forget kludges. 


We're where you are. GTE Microcircuits repre- 
sentatives are ready to serve you worldwide. So, 
you'll never have to look far to find what you 
want...when you want it. 

Want more information? Get a copy of our 
latest Product Directory and additional informa- 
tion on the G65SCXXxX family. 

Just fill in the coupon below. 


entlemen, 

I'd like to get moving. Send me your Product Directory 
and additional information on the G65SCXXX 8-bit micro- 
processor family. 


Name 


Company. 


Address 


City. State Zip 


GTE MICROCIRCUITS, 2000 W. 14TH ST., TEMPE, AZ 85281 TEL: (602) 
968-4431 TWX: 910-951-1383. FOR THE NAME OF YOUR NEAREST GTE 
MICROCTRCUITS DISTRIBUTOR, CALL: WEST—(714) 855-9901; CENTRAL 
—(312) 259-1112; EAST—(516) 724-8300; EUROPE (Munich, W. Germany) 
—TEL: 089/1 78 20 31, TLX 528452 GTEMC D 
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Op amps display increased performance 


The 200 series of operational amplifiers 
are versatile devices with a multitude of 
applications. The three amplifiers in the 
series (CLC200, CLC210, and CLC220) have 
application areas that include digital and 
wideband analog communications, data 
conversion and acquisition, fiber optics, 
radar, and navigation. 

Various specifications of the CLC200 
allow a diversity of applications. The 
amp’s dce-100-MHz, —3-dB bandwidth 
provides oscillation-free operation over 
the full range of gain settings. This band- 
width, together with a 25-ns (to 0.03%) 
settling time and a +12-V, +100-mA 
drive capability, allows the amp to drive 
‘*flash’’ analog to digital converters. 

Offering a 3.5-ns rise time and over- 
shoot of <5%, the amp can be used in 
high speed pulsed information applica- 
tions. A 1° deviation from linear phase 
spec and low distortion are ideal charac- 
teristics for communication systems and 
instrumentation applications. Users add 
a single gain-setting resistor and power 
supplies to the amp. The resistor allows 


the user to change the feedback to match 
an application. Such applications include 
using the CLC200 as a video log amp or as 
an integrator. 

Not only does the CLC210 display the 
same high performance as the CLC200, 
but it has a 10-MHz full power bandwidth 
that produces signals up to 60 V peak to 
peak as well. This spec is necessary for 
high resolution displays. 
These features are also used 
in driving varactors in 
voltage-controlled oscillator 
loops and phase correction 
loops. In addition, the CLC210 
offers +32-V, +50-mA 
drive capability, dc-65 MHz 
with — 3-dB bandwidth, and 
4.5 V/ns slew rate. 

CLC220 provides dc-200 
MHz with — 3-dB bandwidth 
over gain settings of 1 to 50, 
inverting or noninverting. 
This amp’s settling time is 
15 ns to 0.03%, its rise and 
fall time is 1.8 ns, and it has 


an 800-V/us slew rate. These features 
make it suitable as a general purpose 
op amp. 

The CLC200, CLC210, CLC220 are pack- 
aged in 12-pin TO-8 cans. The CLC200 
and CLC210 cost $85 in 100-piece quanti- 
ties. The CLC220 is $96 in 100-piece quan- 
tities. Comlinear Corp, 2468 E 9th St, 
Loveland, CO 80537. Circle 266 


CUSTOM CONTROLLER 


$100 CONTROLLER BOARDS 
BUILD M BOARDS MEET UNIQUE 


U ORE 
VERSATILE SYSTEMS. 


SMC's $100 controller boards present new opportunities 
in system design. Our QSI0S100 board provides 4 inde- 
pendent serial I/O channels for simultaneous use of a 
variety of peripherals. The FDCS100 board controls up to 
4 floppy disk drives for removable mass storage capabil- 
ity. The VRAMS100 board adds advanced video display 
capabilities, including smooth scrolling and double- 
height, double-width data rows. Our ARCNET®-S100 
board links up and controls a network of up to 255 
computers. For complete details, contact Standard 
Microsystems Corporation, 35 Marcus Boulevard, 


Hauppauge, NY 11788 (516) 273-3100. ae 


= : 
STANDARD MICROSYSTEMS. 
THE ONE TO WATCH. 


ARCNET® is a registered trademark of the Datapoint Corporation 


CIRCLE 178 


STANDARDS. 


Whatever your needs are in a controller board, SMC can 
meet them. We have the capability to modify our stand- 
ard board products to your own unique specifications. 
Since we use the latest VLSI technology, we can usually 
do it faster, more reliably and at a lower cost than any- 
one else. In fact, in the last year, we've designed custom 
boards for the airline, banking and medical instrumenta- 


tion industries. Now let us show what we can do for you. 


For complete details, contact Standard Microsystems 
Corporation, 35 Marcus Boulevard, Hauppauge, NY 


11788 (516) 273-3100. a 


D MICROSYSTEMS. 
THE ONE TO WATCH. 
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Conventional 
monitor pixel 
Hitachi DDC 


monitor pixel ventional RGB 


monitors with Digital Dynamic Con- 
vergence™ (DDC) is the difference 
between a snap-shot and a profes- 


THE DIFFERENCE between a con- 


the genius 
nthe design 
_. the proof 

is inthe image 


#4090 eas avessencc x2 


Pe ec i Gtk Th) Ge eRDwapaecd x223 
DOCKING TUBE Lock pry HOLDER 


CROSS SBC PIN HOLDER 


monitor and Hitachi's 


sional photograph. 


Take a look at the image you get 
from Hitachi. What you see is a 
beautiful picture. Why? In order to 
achieve maximum image clarity each 
picture element (pixel) must be as 
sharp; as clear as possible. Hitachi's 
DDC system offers an amazing 
0.1/0.3 convergence. That's sharp. 


HITACHI 
ms 


COLOR DISPLAY MONITORS + CLEARLY THE FINEST 
59 Route 17S, Allendale, NJ 07401 
(201) 825-8000 
3540 Arden Road, Hayward, CA 94545 
(415) 783-8400 
Hitachi Europe, Ltd., Lee House (10th Floor) 
London Wall, London EC245AS 
(01) 606-7831 
Hitachi Denshi Canada, Ltd. 65 Melford Drive 
Scarborough Ontario, Canada MIB 2G6 
(416) 299-5900 


Proven Dependability 


Most importantly, the Hitachi DDC system has proven 
to be a success in the field. Hitachi quality keeps them 
working; Hitachi innovation keeps them in demand. 
CONVERGENCE CHART 


Hitachi Monitor| Conventional 
with DDC Monitor 


Come discover the total DDC 
picture at the 


Hitachi Trade Show Booth. 
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Servo Winchester 


Model TM705 is a closed loop 5%" Win- 
chester disk drive with 50M bytes of fast- 
access storage capacity. High density 
recording is performed on five data sur- 
faces, with the sixth dedicated to servo 
control. The drive has a 1000-tpi density 
and a 10,416-byte/track lineal density. It 
is configured into 962 recording cyl- 
inders with a 5-ms track-to-track access 
time; avg access time is 39 ms with a max 
of 85 ms, and a 2-ms head settling time. 
The drive is priced at less than $1000 in 
OEM quantities. Tandon Corp, 20320 
Prairie St, Chatsworth, CA 91311. 


Circle 267 


Compatible HP Winchesters 


Series 3000, a line of Winchester disk sub- 
systems for HP computers, offers 12 
models. Winchester capacity is 5M, 
10M, or 15M bytes and the optional 
built-in floppy drives are available in 
3%", 5%", or 8". The series is com- 
pletely hardware, software, and media 
compatible with all HP technical and 
personal computers. Transfer rate is 
174k bytes/s. A built-in error-correction 
code circuit provides added data integ- 
rity. Storage can be partitioned into 
formatted blocks of 1.2M, 4.8M, or 
9.7M bytes. Prices start at $2860. Bering 
Industries, Inc, 747 E Brokaw Rd, San 
Jose, CA 95112. Circle 268 


Internal hard disk 


A hard disk system for DEC’s Rainbow 
computer features 11M bytes of format- 


ted capacity. The internal disk system is — 


housed within the computer in the se- 
cond floppy disk drive space. Host bus 
adapter plugs into the memory option 
slot and comes std with an additional 
64K bytes of RAM. A special connector 
allows an additional 256K bytes of RAM 
for a total of 384K bytes. System sup- 


ports both CP/M-80/86 and MS-DOS 
Operating systems, and users can parti- 
tion their system into a number of 
logical drives to allocate disk space. 
Software is included for virtual disk 
operation. Univation Inc, 1037 N 
Fairoaks Ave, Sunnyvale, CA 94089. 
Circle 269 


Enhanced solid state storage 


Larger storage capacities and improved 
performance are available in the 4305 op- 
timizer storage subsystems. Features can 
be installed on existing 4305 devices at 
customer sites, including IBM 3380 disk 
drive emulation. The enhanced 4305 
model 3 doubles its current capacity and 
data rate, providing 48M bytes of semi- 
conductor storage with a single con- 
troller. It transfers data at 3M bytes/s; 
data access is 0.6 ms using a 16K-bit MOS 
RAM. Prices range from $76,730 to 
$229,620. Storage Technology Corp, 
2270 S 88th St, Louisville, CO 80028. 
Circle 270 


Multibus board with 1M memory 
Each MM-9000D Multibus memory board, 
when filled with 64K-byte DRAMs, pro- 
vides a 1M-byte max memory capacity. If 
256K-byte DRAMs are used, the capacity 
is increased to 4M bytes. Six memory 
capacity versions are available: 512K, 
768K, 1M, 2M, 3M, and 4M bytes. The 
board is compatible with the 68000, 8086, 
and zsoo0 Multibus system versions. 
Cycle and access times are 325 ns and 220 
ns, respectively. Odd parity generation 
and checking is included with the status 
of output stored in an error status reg- 
ister. The 1M-byte version is priced at 
$1695. Micro Memory, Inc, 9436 Iron- 
dale Ave, Chatsworth, CA 91311. 
Circle 271 


VAX-11/780 memory modules 


The PINCOMM 780SX memory modules 
provide 1M byte of storage on a single 
card. They use 64K-bit RAMs and are 
hardware and software compatible with 
VAX-11/780S using MS780E memory 
systems. Each data word stored by a 
board is 39 bits wide, consisting of 32 
data bits and 7 error correction check 
bits. Check bits allow single error correc- 
tion and double or multiple bit error 
detection. A switch permits the memory 
to be switched offline for trouble- 
shooting. A memory diagnostic is avail- 
able as an option. The modules are priced 
at $2800 in a single lot. Trendata Corp, 
3400 W Segerstrom Ave, Santa Ana, CA 
92704. Circle 272 


Data logging system 


The Data Library is a large capacity 4” 
cartridge tape data logging system. It is 
available with std interfaces such as 
RS-232-C, IEEE 488, and Multibus, and 
operating software for the Apple II/IIE, 
and IBM PC and xT. The transportable 
cartridge has 16 tracks recorded on 600’ 
of tape. Each track has 4096 blocks with 
1024 bytes/block. System features in- 
clude a 10k-hr MTBF, a 1-bit in 10M bits 
error rate, and preformatting to allow 
block addressable data rates. Data are 
recorded at 10k bpi and the system oper- 
ates at 60 ips with a 90-ips search speed. 
Advanced Digital Information Co, 723 
9th Ave, Kirkland, WA 98033. 

Circle 273 


Multibus-compatible RAM board 


The Am97/0000B family of RAM boards 
feature 1M byte of memory using 
64K-byte dynamic RAMs. The board con- 
sumes 12.5 W max and has a 200-ns max 
access time and a 300-ns max cycle time. 
It supports 24-bit addressing for a max 
address range of 16M bytes. Board 
memory can start on any 64K-byte boun- 
dary and cross any megabyte boundary. 
Rotary switches easily set the starting ad- 
dress. Family also features 8- or 16-bit 
word size with byte-swapping capability, 
parity with latching error register, and in- 
terrupt generation. In quantities of one 
to nine, the boards range in price from 
$1950 to $2995. Advanced Micro De- 
vices Inc, 901 Thompson P1, Sunnyvale, 
CA 94086. 


Circle 274 
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High speed modem 


The 9629 syne standalone modem oper- 
ates over 4-wire, 3002 unconditioned or 
equivalent leased lines in point to point 
applications. Peak operating data rate is 
9.6k bps with fallback rates of 7.2k and 
4.8k bps. Modem features auto-adaptive 
equalization, which eliminates the effects 
of large variations in delay and amplitude 
distortion. Diagnostics are provided via 
front panel monitoring and operation and 
test control. Remote and local analog and 
digital loopback tests can be done without 
external equipment. Single-unit price is 
$2750. Prentice Corp, 266 Caspian Dr, 
PO Box 3544, Sunnyvale, CA 94088. 
Circle 275 


Multibus comm controller 


Communications controller 8140 can 
operate in a multiboard system or as a 
standalone controller. The Multibus- 
compatible board contains two RS-232-C 
ports, two Bell 202/103 modems (CCITT 
V.21, V.23), an onboard 8085A micro, dual- 
port RAM, and two firmware levels. Resi- 
dent interrupt-driven communication 
firmware supports packet-switching pro- 
tocols. In conjunction with the 8183 
direct access arrangement, the controller 
provides pulsed auto-dial and auto- 
answer. Communication between the 
8140 and the bus master occurs through 
the dual-ported RAM. The 8140 price is 
$1240; the 8183 is $190. ETI Micro, 6918 
Sierra Ct, Dublin, CA 94568. 

Circle 276 


Intelligent 9.6k-bps modem 

The 7165 SNA-compatible diagnostic 
modem is available in both point to point 
and multipoint versions. The 9.6k-bps 
modem is fully synchronous and oper- 
ates over unconditioned, voice grade 
lines in full-duplex mode. Digital signal 
processing is used for modulation, 
demodulation, and dynamic equaliza- 
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tion. Device features built-in diagnostics 
and is compatible with IBM mainstream 
diagnostics. The host operator can auto- 
matically initiate diagnostics. Prices start 
at $5800 for quantity one. NCR Comten, 
Inc, 2700 Snelling Ave N, St. Paul, MN 
$5113. Circle 277 


Protocol converter 


The PCI 3780/SNA protocol converter 
allows bisync 3780 terminals and emula- 
tors to communicate with an SNA/SDLC 
host. Conversion support is included for 
printers, card readers, and card punch 
devices. Converters can be multidropped 
with SDLC terminals, and multiple hosts 
can benefit from the SNA’s enhanced net- 
work job entry capabilities. When com- 
municating through the converter, the 
3780 terminal becomes SNA/SDLC- com- 
patible, thereby appearing to the host as 
an IBM 3776-2 single logical unit RJE work- 
station. Pricing begins at $3100. Pro- 
tocol Computers, Inc, 6150 Canoga Ave, 
Woodland Hills, CA 91367. 

Circle 278 


Mini modem 


A pocket-sized auto equalized modem, 
the mLDS 122 is designed for use on 
dedicated 4-wire unloaded metallic cir- 
cuits and local area data service circuits. 
The async modem plugs directly into 
data terminal equipment and operates 
point to point from 50 to 9.6k bps. It is 
transformer coupled for isolation be- 
tween terminal and phone line. Compati- 
ble with LDS 120/121 and RM 3120, the 
modem is powered from the EIA RS-232-C 
interface via data and control signals. 
The mLDS 122 is priced at $95 for quantity 
one. Gandalf Data Inc, 1019 S Noel, 
Wheeling, IL 60090. 

Circle 279 


Single-card modem 


The VA212PAR is a Bell 212A/103-compat- 
ible modem. Printed on a single-circuit 
card, the direct-connect, originate/ 
answer, full-duplex modem is capable of 
0- to 300-bps async and 1.2k-bps async or 
sync operation. Additional features 
include manual and auto-call and auto- 
answer. Telephone numbers can be 
entered from the computer while the 
dialer’s memory stores the last number 
dialed (up to 32 digits). Single-char com- 
mand auto-redials (up to nine times) the 
last number. Unit price of the self- 
diagnostic modem is $695. Racal-Vadic, 
222 Caspian Dr, Sunnyvale, CA 94086. 
Circle 280 


Modem/UART 


The SE/SBX1 communication controller, 
designed for use with the isBx, Multibus, 
and STD bus interfaces, incorporates 
UART, modem, and FCC certified line 
interface functions into one module. Con- 
troller thereby provides for increased 
system packaging density. Digital signal 
processing uses communications at 300 
baud (full duplex) to 1.2k baud (half 
duplex) and follows Bell 103/202 and 
CCITT V.21/V.23 stds. Modem reliability is 
increased with MOS/LSI technology and 
self-test capability. SEI, PO Box 920522, 
Norcross, GA 30092. Circle 281 
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Low power A-D converter 


The ApDc1143 is a 16-bit ADC that guar- 
antees 150-mW power consumption when 
operated at +12 V and 175 mW when 
operated +15 V. It has an internal con- 
verter, a 10-V precision reference, and a 
16-bit successive approximation register, 
and clock. Accuracy specs include max 
integral and differential nonlinearity of 
+0.006% (full scale range) or +0.003% 
(full scale range), depending on model. 
Max conversions vary from 70 to 100 us, 
making the converter suitable for mul- 
tiple channel conversions where systems 
scan and convert input channels. The 
ADC1143J and the ADC1143K are priced at 
$149 and $172, respectively, in 100s. 
Analog Devices, Inc, PO Box 280, 
2 Technology Way, Norwood, MA 
02062. 
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Hybrid video DAC 

Model AH8308T is a single-chip, fully TTL- 
compatible, 8-bit hybrid video DAc. The 
device features 1.15-W (max) power dis- 
sipation and a 65-MHz update rate. The 
DAC accepts 8-bits of digital data plus 
sync and blanking commands directly 
from a 5-V TTL source to support up to 
1K x 1K display resolution. It generates 
analog composite video signals internally, 
has a 75-0 source impedance, and enough 
analog output power to drive a 75-2 coax- 
ial cable and monitor with a 1-V pk to pk 
signal. The hybrid is housed in a 24-pin 
steel foil shielded double pip. Analogic 
Corp, Audubon Rd, Wakefield, MA 
01880. Circle 283 
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Low cost 16-bit DAC 


The DAc701 and DAC703 are complete 
16-bit DACs. Included in the package are 
a current-to-voltage output op amp, low 
drift voltage reference, and fast settling 
switches. Linearity error is +0.003%, 
settling time is 4 ys to +0.003% full 
scale range (0.5 bit in 14 bits), and gain 


drift is limited to + 15 PPM/ °C max over 
the temp range. The DACs operate over 
the —55 to 125 °C temp range and pass 
all criteria for MIL-STD-883, method 1014, 
conditions A and C under 100% test. In 
100s, prices start at $25 for voltage out- 
put models. Burr-Brown, Data Products 
Div, Box 11400, Tucson, AZ 85734. 
Circle 284 


Adding 

communications 

to the 

STD BUS? 
Micro/sys makes it... 
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It's simple because we 
supply everything you 
need .. . serial interface 
boards for widely-used 
protocols, and accessories 
that include cables, 
mounting panels and line 
interface adaptors. All you 
do is plug in the board, 
hook up the cables, turn 
on the power, and you're 
ready to communicate. 
When it comes to STD BUS 
systems, look to Micro/sys 
first ... STD BUS pioneers 
since the beginning. 
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Simplified STD BUS 
communications. 


Whether you want to interface your 
STD BUS system to printers, CRTs, 
modems, remote communications 
links, or distributed networks, we have 
a board for you. 

We can provide solutions to your pro- 
tocol, interface, interconnect, media, 
and data rate needs. ASYNC, BISYNC, 
SDLC; RS232, RS422, 20 ma. FSK; 
simplex, half-duplex, full-duplex, multi- 
drop, loop; wire, twisted pair, coax, 

phone lines; 50 to 2M baud. 


With Micro/sys communications 


systems you get integration 
simplicity and reliability 
backed up by our one-year 
warranty. 
microssys 


1367 Foothill Bivd., La Canada, Ca. 91011 
(213) 790-7267 TWX 910-588-1988 
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Micro-compatible ADC 


ADC0844 is an 8-bit successive approxi- 
mation ADC with a +'% LSB or +1 LSB 
total unadjusted error. The CMos device 
contains an internal clock with a 40-ys 
max conversion time. Total unadjusted 
error includes nonlinearity, and full / 
zero-scale errors. The ADC contains a 
4-channel MUX that has differential, 
single-ended, or pseudo-differential 
operating modes. Differential mode 
gives low frequency input, common 
mode rejection, and offsets the analog 
range. Single-ended mode assigns each of 
the four channels as positive; in pseudo 
mode, three channels act as positive in- 
puts. Prices range from $3.85 to $8.95, 
depending on quantity and version. 
National Semiconductor Corp, 2900 
Semiconductor Dr, Santa Clara, CA 
95051. Circle 285 


Low cost resolver/converter 


A 16-bit resolver, synchro or inductosyn 
to digital converter, the SDC-19160 series 
features 16-bit/65,536-count resolution 
and accuracy up to + 1.3 min. The small- 
sized device offers a 3-state output, 
tracking up to 360 rpm, +0.65-min 
repeatability, direction/count outputs, 
and velocity output. The converters are 
available in +1.3- and +2.6-min accur- 
acies; the 14-, 12-, and 10-bit units have 
accuracies of + 5.3, +8.5,and +21 min, 
respectively. In 100-piece quantities, the 
device is $195. ILC Data Device Corp, 
105 Wilbur P1, Bohemia, NY 11716. 
Circle 286 


Wideband A-D conversion system 


The model GMAD2A A-D conversion 
system is designed to meet requirements 
for high accuracy conversion of wide- 
band analog signals in data acquisition 
systems. It uses a sample and hold (S/H) 
amp that provides a 1-ns aperture time 
and can be ordered with 8 simultaneous 
S/H channels in a dual chassis, or up to 
256 in a multiple chassis system. Max 
full-scale input voltage level is 10.24 V; 
dc crosstalk between channels is held to 
less than +0.005% of full scale. Com- 
mon mode voltage is +11 V and com- 
mon mode rejection is 70 dB. Preston 
Scientific, Inc, 805 E Cerritos Ave, 
Anaheim, CA 92805. Circle 287 


Special Edition Preview— 
Portable computers—in 


late October. 


For the first time...an 


oscilloscope to match the 


accuracy demands of today’s 
fastest technologies. 


Laboratory quali 
timing accuracy plus 
the convenience of a 
portable oscilloscope. 


If the accuracy of your timing measure- 
ments must keep pace with the latest 
technology, the HP 1726A Time Interval 
Oscilloscope is your best solution. It can 
handle tough timing problems. Although 
most general-purpose, laboratory oscillo- 
scopes solve a variety of problems, their 
timing accuracy is typically design limited 
to +500 picoseconds. This simply is not 
adequate for designing and producing 
many of today’s products. 


Introducing the 50 ps scope. 

HP’s 1726A time-interval oscilloscope 
solves this timing limitation with a revolu- 
tionary approach. Its new 
method of making timing 
measurements is based on 
combining HP counter 
technology with HP’s 
advanced oscilloscope 
triggering circuits. The 
results? New levels of 
accuracy (+50 ps), resolution 
(+10 ps), and repeatability 


TIME-INTERVAL MEASUREMENT 


TIME INTERVAL 500 ps 5 ns 


1726A Accuracy +50 ps +50 ps 


1726A Resolution +10ps +10 ps 


that won’t clutter your bench or test 
station. Typically, the 1726A’s accuracy is 
a factor of ten improvement over most 
laboratory scopes, including the one 
you’re probably using or planning 

to purchase. 

Also, it provides accurate first-pulse 
measurements...and it’s easy to use. 
Check the time interval table. 

With the 1726A, your time-interval 
answers are consistently accurate...and 
oscilloscope timing calibration is preserved 
even with its Time/Div vernier out of 
detent. In fact, intervals as long as 1.2 ps 
can be measured with +50 ps accuracy. 

For unprecedented convenience and 
+30 ps repeatability, dial in start/stop 
trigger levels with 1 mV resolution, 


position the on-screen markers, and read 
the answer on the 1726A’s LED display. 
You get fast, convenient, results you 
can trust...time after time. 

Meeting the needs of today’s 
technology. 

With continuing IC advances, you’ll 
need the capabilities of the 1726A in your 
lab or production area. Use it to uncover 
400 ps clock skew in computer main- 
frames. Determine 200 ps propagation 


iG HEWLETT 


PACKARD 
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delays in IC’s or hybrids. With the 
1726A’s 50 ps accuracy, observe the 20 ns 
round-trip delay of a test signal within a 
test system. Or, tie the 1726A to your 
data-logging system through its HP-IB 
interface. And with its time-interval 
module turned off, you’ll find the 1726A 
to be a high-quality, general-purpose, 
dual-channel 275 MHz oscilloscope. 

Get all the details by calling your local 
HP sales office listed in the telephone 
directory white pages. Ask for the elec- 
tronic instruments department. 


HP-IB: Not just IEEE-488, but the oesano 108 
hardware, documentation and 
‘Support that delivers the shortest 

path to a measure 


ment system. ‘SYSTEMS 0801 303.4 
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ITHERS WILL HAVE 
\OWN TO. 


Introducing the Scorpion” half-height 5%” mini streamer. 


Once again, Archive has the Winchester back-up others will have to 
measure up to. Only this time, they also have 
to measure down. Because the Scorpion is 
only 1.625" high. 

It fits the footprint of half-height floppy 
' disk drives. So no change in existing cabinetry 
_ is necessary. Yet it still gives you up to 6(0MB 
of storage. 

Now system designers can choose from a 
wider variety of storage combinations. For 
example, half-height Scorpion, half-height 
floppy and 54" Winchester. 

And our standards meet your stan- - —-——— — — — — — — — — 7 
dards. The standard Archive (QIC-02) FREE! 
interface and QIC 24 format are both | STREAMING TAPE 


incorporated in the Scorpion 


But that’s only part of the story. | HANDBOOK. 


Thanks to Archive’s advanced LSI ie eer uh Sees Foray 


this coupon to 


| 
technology, the half-height Scorpion | Archive Corporation 


3 4 . 3540 Cadillac Ave. 
gives you higher capacity and more Costa Mesa, CA 92626 


functions than many 8" streaming | Attn: Marketing Dept. or call 
tape drives. Yet it has fewer parts, | Name =e 
uses less power and is competitively Title == 
priced. peed Pe ay 

Address 


For complete details and a free 


‘ | City — : State —Zip 
copy of our 176-page streaming | Telephone (___y 
handbook, return the coupon. Or 0 Send me my free book. OC) Send an Archive sales 
call Archive today. eo on 
| Streaming Tape Drives. 
™Scorpion is a trademark of Archive Corporation. Telex: 4722063 Domestic Telex: 183561 J 
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Removable Storage 
With Hard Disk Reliability 


Acompact drive package which includes all drive electronics, power 
supply and SAS! controller within 8.5" wide by 7” high by 19.4” 
deep. The VRC 8520 gives you Il megabytes of removable storage 
ona standard ANS! 8" cartridge, and 11 megabytes on a fixed disk 
in a one-over-one configuration. Designed to fit practically any- 
where, the VRC 8520 is ideal to produce backup files on a single 
peripheral. It can also accommodate an ANSI standard interface. 
Disk drive, controller and fully-integrated power supply are con- 
tained in a small, high-performance package designed for hostile 


environments. With the VRC 85 20, you eliminate design costs for 
mounting enclosures, the costs of a separate controller and power 
supply and messy interconnecting wiring which radiates noise. 

Formore information aboutthe VRC 8520 orthe VRC 8010 — a 
single, removable disk drive with 11 megabytes of storage, contact 
Vermont Research Corporation, Precision Park, North Springfield, 
VT 05150, Tel: 802/886-2256. TWX: 710/363-6533. In Europe call 
or write: Vermont Research Ltd., Cleeve Road, Leatherhead, Surrey, 
England, Tel: Leatherhead 376221. TLX: 23280. 


VERMONT RESEARCH CORP. 
VERMONT RESEARCH LTD. 


Memory Products for Systems That Can’‘t Stand Failure 
CIRCLE 129 
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Networking single-board 


computer 
ee a 


The isBc®186/51 ComMputer board com- 
bines a single-chip micro, data com- 
munications capabilities, and industry std 
networking software. Board includes 


iAPX 186 central processor, 80130 
operating system firmware, 82586 LAN co- 
processor, and 82501 Ethernet serial inter- 
face. Device can run user programs, 
handle communication tasks, and 
operate as an intelligent front end. The 
board has 128K bytes of dual-ported 
RAM expandable to 256K bytes using a 
multimode board. Board sells for $3000; 
network software sells for $5000. Intel 
Corp, 3065 Bowers Ave, Santa Clara, 
CA 95051. Circle 288 


High speed, 

68000-compatible micro 

The 12.5-MHz version of the 16-bit 
HD68000 micro, designated HD68000-12, is 
available in a 64-pin cerDIP, 68-pin pin- 
grid array, and 68-pin LCc. It is both 
pin- and software-compatible with the 
MC68000L12. Minimum instruction execu- 
tion time is 0.32 ws, which was achieved 
by optically shrinking the circuit pattern 
of the 8-MHz version. The micro is fabri- 
cated using high speed, NMOS process, 
and minimum 2.6-micron line width. 
Prices in lots of 1000 range from $73.17 


to $85.36. Hitachi, Ltd, No 5-1, 
1-Chome, Marunouchi, Chiyodaku, 
Tokyo, Japan. Circle 289 


Microprocessor system 


The CD68K microprocessor system board 
features four serial ports, clock/calendar, 
and hardware dynamic RAM refresh with 
DMA capability to local memory. Up to 
two, 1M-byte local memory boards can 
be used per CPU board. Because local 
memory is accessible through a P2 con- 
nector bus, no wait states are incurred. 
The board uses a CMOS realtime 
clock/RAM chip that, when connected to 
a battery backup, retains system infor- 
mation during power failures. A 2-level 
memory management architecture has 
separate segment and page maps with a 


context selection register for simulta- 
neous mapping of 16 process contexts. 
Callan Data Systems, 2637 Townsgate 
Rd, Westlake Village, CA 91361. 

Circle 290 


VMEbus-based computer 


Designed for implementing new oper- 
ating systems on the VMEbus using the 
68000 processor family, the Eurocom 
3-1./68K is a single-board computer. On- 
board features include 1M byte of RAM, 
floppy controller, and realtime clock. 
Serial 1/o channels are used for normal 
async protocols as well as HDLC/SDLC. 
Encoding can be either FM, NRZ, NRZI, or 
Manchester codes for speeds up to 1M 
bps. Operating system support includes 
CP/M-68K and Unix. VMEbus interface 
can be used as a bus master or bus slave 
with address modifiers. Eltec Elektronik 
GmbH, Galileo-Galilei-StraBe 2, D-6500 
Mainz 42, West Germany. 

Circle 291 


Winchester cartridge for $-100 


Super Star, an S-100-based computer 
system, is equipped with a 5%", 
5M-byte fixed, SM-byte removable Win- 
chester. The std CP/M operating system 
permits the user to access the library of 
available software programs. Features 
include a 5%" half-height 48-tpi, floppy 
disk drive (Osborne format compatible), 
6-slot motherboard, S-100 IEEE std com- 
patibility, switch-selectable 110/220-V 
power supply, and a l-year warranty. 
The system is priced at $5000. Advanced 
Digital Corp, 5432 Production Dr, 
Huntington Beach, CA 92649. 

Circle 292 


$-100/memory combination 

The P-286 CPU module is designed around 
Intel’s 80286 micro, allowing it to execute 
software developed for the 8086/8088. On- 
board resources include a socket for the 
optional 80287 math coprocessor, three 
16-bit programmable and cascadable sys- 
tem timers, programmable interrupt con- 
troller, and sockets for 64K bytes of 
EPROM/ROM. The P-128 is a 128K-byte 
static RAM board that features 8K x 8 
CMOS RAM chips for low power con- 
sumption. The boards interface via an 
IEEE 696 interface and a private access 
bus for no wait states. Initially offered as 
a pair, the boards are priced at $3000. 
Performics Inc, PO Box 3207, Nashua, 
NH 03061. 

Circle 293 


Single-board STD bus computer 


For industrial applications, the SB8010 
single-board STD bus computer can 
operate as a self-contained controller or 
in a multicard system. The board con- 
tains a Z80 or Z80A, up to 32K bytes of 
memory, an RS-232-C port, and a 
counter/timer/interrupt controller. Mem- 
ory system allows a mix of up to four 
28-pin, JEDEC pinout RAM, ROM, or 
EPROM and flexible memory mapping 
allows any memory device to be placed 
within any 2K-byte boundary. In quanti- 
ties of 10 to 24, prices range form $365 
to $415. Micro/sys, 1367 Foothill Blvd, 
La Canada, CA 91011. Circle 294 


PC-compatible CP/M board 

DS2 is a coprocessing micro system that 
plugs into the IBM PC and allows users to 
run CP/M software or PC-DOSs on the PC. 
The board consists of a Z80B processor, 
64K bytes of RAM, and one serial port. 
The port can be used in one of three 
modes: RS-232, RS-422, Or IBM’s imple- 
mentation of a 20-mA current loop. The 
Ds2s board has all Ds2 capabilities but 
four sync/async ports replace the serial 
port. It contains sockets for EPROM 
and/or EEPROM-stored programs. BYAD, 
Inc, 95 W Algonquin Rd, Arlington 
Heights, IL 60005. Circle 295 


STD bus CPU card 


CPU-100, a 6502-based micro CPU card, is 
specifically designed for sTD bus appli- 
cations. Built-in EIA RS-232 interface pro- 
vides direct terminal/printer connection. 
Board has up to 8K bytes of memory 
space available in RAM, ROM, or a combi- 
nation of both. Also included are two 
interval timers, serial to parallel and 
parallel to serial shift registers, and two 
bidirectional 8-bit data ports. The board 
functions as the CPU of a multiboard 
system with memory expansion to 65K 
bytes. Computer is priced at $200. 
Techno, Inc, 14 Crandall Ave, Pompton 
Lakes, NJ 07442. Circle 296 
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Switching power supplies 

The cCE-35-103 40-W switching power 
supply features outputs of 5 V at 3.5 A, 
—12Vat0.4A, and 12 V at2.5 A. User 
selectable inputs are 90 to 135 Vac or 180 
to 270 Vac at 47 to 440 Hz. Std features 
include printed circuit board construc- 
tion, onboard emi filter, short circuit 
proteciton, and 5-V overvoltage protec- 


tion. In addition, there is a 1 cycle hold- 
up time, inrush current limiting, and typ 
efficiency >70%. The unit’s dimensions 
are 6.30” x 3.94” x 1.75" (16.00 x 10.01 
x 4.44 cm). In 1000 piece quantities, the 
supply is $32.50. General Instrument 
Corp, Computer Products Div, 1401 
Lomaland Dr, El Paso, TX 79935. 
Circle 297 


VMEbus 


MEMORIES 


2M BYTES LATER : 


Compatible with the VME/10 micro- 
computer system and MVME210 
memory board, the MM-6000D is a 
high density memory that can employ 
either 64K or 256K DRAMs. A jumper 
option selects either 64K or 256K 
DRAM operation. 


Reliability is ensured by burn-in and 
running memory diagnostics that 
check operation for 48 hours while 
temperature-cycling boards between 
0 and 65°C. 


icro 


FEATURES 

© Capacity: 
512K, 256K, 128K Bytes (64K DRAM) 
2M, 1.5M, 1M Bytes (256K DRAM) 

© Cycle Time: 330 nsec 

© Access Time: 210 nsec 

Parity generation and checking 

®@ Module selection on 1000,, bound- 
aries in the 16M bytes address field 

¢ Single +5V supply 

e Jumper option for battery backup 

e l-year warranty on parts and labor 


st in add-in memories for microprocessor systems _ 


9436 Irondale Ave. 
Chatsworth, California 91311 


“=Bemory 
nc 
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Telephone: (213) 998-0070 


Printer power supplies 


Models 1035-1/2/3/4/5 switchers provide a 
single-rated output of 35 W. Full-rated 
output is provided over an ambient temp 
range of 0 to 40 °C with a 2% derating 
to 70 °C. Models include outputs of 5 
Vdc at 7 A and 24 Vdc at 1.5 A. Power 
supply input offers pin-strappable volt- 
age ranges of either 90 to 130 Vac, or for 
European applications 180 to 260 Vac at 
47 to 440 Hz. Other specs include 70% 
efficiencies, holdup time of 16 ms, and 
input to output isolation of 1500 Vac. 
Convection cooling is std. All models 
are $75. Power General, 152 Will Dr, 
PO Box 189, Canton, MA 02021. 
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Micro power modules 

Models 3.12.1000 and 3.15.1000 are triple- 
output power supplies designed for Pc 
boards. The 3.15.1000 has +15 V at 
100 mA and 5 V at 1 A. The 3.12.1000 has 
+12 V at 120 mA and 5 V at 1 A. Each 
unit has digital and analog outputs. A 
high efficiency regulator for the 5-V out- 
put helps it run cooler when fully loaded 
(up to 50°C ambient temp). Additional 
features are low noise level, isolated 
analog and digital grounds within each 
unit, and protection for all outputs 
against shorts. The supplies are priced as 
$119 each, or $101.15 at the 100-piece 
level. Calex Manufacturing Co, Inc, 
3355 Vincent Rd, Pleasant Hill, CA 
94523. Circle 299 


Get your own 

If you’re reading someone 
else’s copy of Computer 
Design, why not get your 


own? To receive a 
subscription-application 
form, circle 504 on the 
Reader Inquiry Card. 


SWIG’ 


SOFTWARE WRITERS INTERNATIONAL GUILD 


SCHEDULED 
SWIG ACTIVITIES & 
MEMBERSHIP BENEFITS 


(1) $10,000 PROGRAMMING 
CONTEST (Members only) 


(2) NATIONAL COMPUTER 
WEEK (March 23- 
April 1, 1984) 


(3) ANNUAL CONFERENCE 
AND SOFTWARE AWARDS 
CEREMONY (During 
National Computer Week) 


(4) CONSULTANT REGISTRY 
(With computer store refer- 
ral system for customized 
software) 


(5) JOB PLACEMENT SER- 
VICE (Free to individual 
members, fixed maximum 
fee to companies) 


(6) FREE SEMINARS & 
MEETINGS LOCALLY 


(7) SOFTWARE LIBRARY 
LENDING & EXCHANGE 
SERVICE (Professional 
quality assemblers, 
utilities, games, etc.) 


(8) SOFTWARE LOCATION 
SERVICE (For companies 
& individuals-if it exists, 
SWIG will find it. If not, 
see #9) 


(9) SOFTWARE DEVELOP- 
MENT SERVICE (From 
novice to scientist, SWIG 
members can work on any 
project-from applications 
to games to R&D) 


(10) LEGAL SERVICE 


(11) AGENT (SWIG can 
represent you in sales to 
software publishers) 


(12) 24 HOUR - 7 DAY BULLE- 
TIN BOARD SYSTEM 
(BBS) ACCESSIBLE BY 
COMPUTER FREE 


(13) AND MORE!!! 


THE LARGEST PAID MEMBERSHIP PROGRAMMERS GUILD - 
OVER 5,000 MEMBERS WORLDWIDE!! 


MEMBERSHIP APPLICATION FOR 
SOFTWARE WRITERS INTERNATIONAL GUILD 


NAME 
ADDRESS 
CITY STATE ZIP 
PHONE # ( ) 
© CLASSIFICATION: 
NOVICE BEGINNER TO ADVANCED 
ADVANCED WITH ON THE JOB EXPERIENCE RESEARCH/SCIENTIST 


® WHAT EQUIPMENT DO YOU HAVE EXPERIENCE WITH &/OR ACCESS TO &/OR 
PLAN TO BUY? 


MAINFRAME MINI MICRO DESIGN/R&D 

BRAND NAME(S): IBM XEROX APPLE Tl 
COMMODORE _] RADIO SHACK ATARI OSBORNE 
TIMEX/SINCLAIR NORTH STAR HEWLETT PACKARD 
OTHER 

® AREAS OF INTEREST: 

DATA PROCESSING BUSINESS APPLICATIONS GRAPHICS 

DO LEGAL VOICE [] MEDICAL APPLIANCE (HOME) CONTROL 
ROBOTICS GAMES MUSIC R&D OTHER) 


® MEMBERSHIP ACTIVITIES AND SERVICES OF INTEREST: 
READ THE LIST ON THE LEFT AND CIRCLE THE NUMBERS BELOW THAT APPLY. 


1 2 3 4 5 6 7 8 9 10 11 12 


| HAVE ENCLOSED $20 ANNUAL MEMBERSHIP FEE CK O 
(MAKE CHECK PAYABLE TO: SWIG) 


MO 


RETURN TO: SWIG 
P.O. BOX 87 
STONY POINT, NEW YORK 10980 
(914) 354-5585 


SWIG© SOFTWARE WRITERS INTERNATIONAL GUILD 
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Interference-protected strip 


The Voltector® series 10 conditioned 
power strip protects computer equip- 
ment from lightning-induced transient 
surges and high frequency ac line noise. 
Each receptacle is rf isolated from the 
power line to prevent crosstalk and to 
enable reliable side by side performance 
without mutual interference. The series 
eliminates the need to plug individual 
peripherals into separate wall outlets to 
achieve power-cord isolation. It also eli- 
minates a dedicated circuit. Four outlet 
models are priced at $146.40, six outlets 
at $152.90, and eight outlets at $159.40. 
Pilgrim Electric Co, 29 Cain Dr, Plain- 
view, NY 11803. ‘ 

Circle 300 


Triple output converters 


The Es series of isolated triple output dc- 
de converters provides 15-W total out- 
put power. The series consists of 12 
models providing isolated dc outputs of 
§$ and +12 V; 5 and +15 V;5 V, 12 V 
and —5 V; and 5 V, 15 V and —5 V. 
Models are available for inputs of 12, 
24, or 48 Vdc. All models contain a 
MOSFET circuit with 100-kHz switching 
frequencies. They are available with 
input ranges of 9 to 18 Vdc, 18 to 
36 Vdc, and 35 to 72 Vdc. The converters 
are priced at $119 (one to nine pieces) 
and $83.30 in quantities of 100. Stevens- 
Arnold, Inc, a sub of Computer Prod- 
ucts, Inc, Power Products Div, 2801 
Gateway Dr, Pompano Beach, FL 33060. 


Circle 301 


Tell us what you like 
Did you remember to rate 
the articles in this issue of 


Computer Design? Turn to 
the Editorial Score Box on 
the Reader Inquiry Card. 


270 COMPUTER DESIGN/October 1983 


A 3-output switcher 

The X1L40-3601 40-W, 3-output power 
supply is UL and CSA approved, It meets 
VDE 0806, IEC 380, and FCC and VDE level B 
noise requirements. A proprietary 
current-controlled feedback network 
achieves tight regulation and fast tran- 
sient response. Std features include 
110/220-Vac user selectable input volt- 
age, input surge protection, power limit, 
and short circuit protection. In 100-piece 
quantities, each unit sells for $60. 
Boschert Inc, 384 Santa Trinita Ave, 
Sunnyvale, CA 94086. 


Circle 302 


Winchester power supplies 


Designed for Winchester disk drive 


applications, the kS100-05/06 and the 
KS130-05/06 provide 100- or 130-W 
switching power, respectively. Units 
have a second 12-V output that allows 
two 12-V outputs to be put in parallel, 
thereby doubling the current. This fea- 
ture accommodates hard disk drives that 
require high surge current at startup and 
higher continuous current during opera- 
tion. In 1- to 9-unit quantities, the kS100 
is $188; the ksi30 is $205. KEC Elec- 
tronics, 20817 Western Ave, Torrance, 
CA 90501. Circle 303 


Multi-output 100-W switchers 


MOV-100 series has three multi-output 
open-frame switching power supplies. 
These supplies can power logic, 
memory, interfaces, disk drives, and 
printers in micro-based systems. Second 
output is 12 Vdc at 1.5A, and third out- 


put is — 12 Vdc at 1 A. User has a choice 
of 24 Vdc at 4 A peak or 12 Vdc at5A 
peak for the fourth output. Control loop 
regulates the line and load of the 5-V 
output to +1%. Vac input can be 90 to 
132 V or 180 to 264 V, 47 to 63 Hz. The 
MOV-100 series is priced at $172 in quan- 
tities of 1 to 100. Todd Products Corp, 
50 Emjay Blvd, Brentwood, NY 11717. 
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Hard copy from video interface 


VGR 4000 RGB interface makes high reso- 
lution monochrome hard copy from 
full-color raster scan video sources. It 
accepts red, green, and blue signals that 
are mixed to produce a monochrome 
hard copy. Features include BNC cable 
interconnect, single BNC monochrome 
video source input through the green 
channel, and internal, independent ad- 
justment for color mix. In addition, no 
system programming is required. System 
produces black and white (with 16 
shades of gray) or continuous-tone im- 
ages. Honeywell, Inc, Test Instruments 
Div, PO Box 5227, Denver, CO 80217. 
Circle 305 


Smart/small printer/plotter 
DataPlot 401 is a smart printer/plotter 
and instrument logic system that uses 
fixed-dot printing on 4.5" thermal paper. 
It prints X- and Y-axis legends concur- 
rently with graphics and data, enabling it 
to produce printouts with a single paper 
pass. System delivers the std set of 64 
ASCII chars, plus 32 special chars on both 
axes. Software commands permit conve- 
nient programming for printing, mixed 
with line and dot graphics. Unit can also 
perform arithmetic and logic functions. 
Both serial RS-232-c and parallel ASCII 
interfaces are supplied. B-G_ Instru- 
ments, PO Box 67, Alta Loma, CA 
91701. 


Circle 306 


For the one material 
that means business 
inside and out, 


The inferior tensile and impact 


The new family of versatile moldable, formable, strengths of FRABS need only be an un- 
extrudable NORYL resins was developed ex- happy memory. NORYL PC180 resin The dimensional stability, heat 
pressly for computers and business equipment, meets UL requirements for personal resistance and UL ratings of NORYL 
to terminate ABS's usefulness. Design-in just computers. And with NORYL PC180 resin will get you in touch with cost- 
the UL requirement you need, for greater per- resin’s lower specific gravity and effective keyboard frames that out- 
formance at a cost lower than or comparable lower price, your part will weigh less perform ABS. 

to FRABS. Everything from low and cost less than one molded 


voltage applications to from FRABS. 
added resistance to 
ultraviolet light. 


Looking for a lower-priced material 
with thermal and mechanical pro- 

perties that ABS can’t beat? Make it 
NORYL CRT2800 resin. It carries the 
UL 478-required rating of UL 94 5V* 
And FRABS can’t give you a better 

HDT or impact strength. 


Glass reinforced NORYL resin is For internal metal replacement, get 


the name ofthe frame for rigidity the support of rigidity, impact 

and flexural modulus. Meets strength, high HDTs and parts 

UL 478 high arc ignition test consolidation with High Strength 
requirements for printer frames NORYL resins. In large structural 
with ink and chemical housings and bases, the UL 5V* 
resistance superior to ABS. listing is maintained to thicknesses 


of 80 mils—for considerable 
material savings. 


Write Today For Free Technical Literature 


NORYL 


resin 


GENERAL ELECTRIC COMPANY | WE BRING GOOD THINGS TO LIFE. 


PLASTICS OPERATIONS 
NORYL PRODUCTS DIVISION 


or any other material under actual fire conditions. NORYL AVENUE G EF N E R A L ‘ E LE C T er t C 


®@ Registered Trademark of General Electric Company SELKIRK, NY 12158 


* These ratings do not reflect the hazards of this 
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Plotters/printers 


Plot 10 plotters/printers are versions of 
the 4542 2-color and 4544 multicolor 
printers. They can switch from graphic 
functions (gray scale scanning) to data 
processing text printing, and can mix 
both modes. The plotters/printers 
feature the 5162 frontend processor and 
the stored force Flexhammer printhead. 
The 4542 plotter/printer produces 
graphics in black and red. The 4544 ver- 
sion can produce hues in the entire color 
spectrum by mixing its cyan, magenta, 
yellow, and black basic colors. The 4542 
is $3900 and the 4544 is $4600. Facit, Inc, 
235 Main Dunstable Rd, Nashua, NH 
03061. 
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Bar-code readers for portables 


readers 


Self-contained bar-code 
available for the TRS-80 model 100 and the 
Epson Hx-20 portable computers. 
Devices allow users to read industry std 3 
of 9 code and store the results in com- 


are 


puter memory. Reader features a push 
to read switch and a scanner rate up to 
76 cm/s. It will read lines as small as 0.3 
mm. The unit does not require addi- 
tional hardware or software to operate. 
User interface to exisitng programs is 
easily accomplished. Each unit comes 
with software and bar-code reader and is 
priced at $279.95. Bi-Tech Enterprises, 
Inc, 10B Carlough Rd, Bohemia, NY 
11716. Circle 356 


1024 X 1024 


DISPLAY RESOLUTION: 
READ/WRITE AREA: 
SPEED: 


COLOR: 


Floating point hardware 


floating point 
Operates on data 


multiply. 
in 32-bit 


John St, Lowell, MA 01852. 
Circle 357 


Share your knowledge 
Other system designers face 
the same problems you’ve 
already solved. You could 
help them by writing a 


technical article for 
Computer Design. For a 
free copy of our Author’s 
Guide, circle 503 on the 
Reader Inquiry Card. 


The S-100/IEEE 696 bus-compatible plug- 
in floating point accelerator (SKYFFP-S) is 
designed for Mc68000-based systems. The 
single-bus card is capable of a 3-ys, 32-bit 
Processor 
single- 
precision and 64-bit double-precision 
IEEE std floating point formats. Std pro- 
cessor configuration contains 4K bytes of 
RAM. The board performs format con- 
version, square root, log and trig func- 
tions, complex arithmetic, and pivot 
operations for matrix work. Price is 
$2600. Sky Computers, Inc, Foot of 


en critics rate 


ou tops, what do you do for an encore? 


“VISUAL 50 is in a class by itself Feature Comparison Chart * 
for visual quality; the character set ADDS VISUAL TeleVidéo Zenith Wyse 
is unusually clear and sharp.”* Feature 60 50 925 19 100 
Style 4 a 4 3 2 
“The VISUAL 50 is the most prom-  |_Overall Quality 2 5 3 4 3 
ising new terminal to come out so Keyboard 3 5 2 4 2 
far, especially in light of its price.”* Rollover/falsekeying 5 5 3 4 4 
Video Quality 1 5 4 4 3 
“We consider this terminal to be No. of attributes 5 5 5 2 5 
one of today’s best products in price/ | Attribute method 2 5 2 4 2 
performance, its incorporation of Suitability for micros 2 5 3 5 3 
ergonomically designed features and 24 39 26 SOen 
its broad range of functionality.”** | ListPrice 695 995 895 995 


*MICROSYSTEMS—March 1983 
**THE ERGONOMICS NEWSLETTER—August 1982 


The VISUAL 50, widely acclaimed 
as the best performing low cost 
terminal in the industry, is a 
tough act to follow. But the 
new VISUAL 55 extends 
its predecessor’s per- 
formance even further by adding 
12 user-programmable non- 
volatile function keys, extended 
editing features and selectable 
scrolling regions (“split screen’). 

Both the VISUAL 50 and 
VISUAL 55 offer features you 
expect only from the high priced 
units. For example, the enclosure 
is ergonomically designed and 
can be easily swiveled and tilted 
for maximum operator comfort. 
A detached keyboard, smooth 
scroll, large 7 x 9 dot matrix 
characters and non-glare screen 
are only a few of the many human 
engineering features. 

Another distinctive feature of the 
VISUAL 50 and VISUAL 55 is their 
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emulation capa- 
bility. Both terminals are 
code-for-code compatible with the 
Hazeltine Espirit,” ADDS View- 
point,” Lear Siegler ADM3A and 
DEC VT52° In addition, the 
VISUAL 55 offers emulations of the 
Hazeltine 1500/1510 and VISUAL 
200/210. Menu-driven set-up modes 
in non-volatile memory allow easy 
selection of terminal parameters. 
And you’re not limited to mere 
emulation. Unbiased experts 
rate the combination of features 
offered by the VISUAL 50/55 fam- 
ily significantly more attractive 
than competitive terminals. 


Both VISUAL terminals are 
UL and CSA listed and exceed 
FCC Class A requirements and 
U.S. Government standards for 
X-ray emissions. 

Call or write for full details. 


See for yourself 
Visual Technology Incorporated 


540 Main Street, Tewksbury, MA 01876 
Telephone (617) 851-5000. Telex 951-539 
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CHERRY (MEMBRANES 


Flexible Solutions 


fo 


Your Rigid 


Requirements 


When it comes to membranes, Cherry has layers of 
expertise...to give you unlimited options. Which means 
your Cherry membrane can have any shape, any key 
arrangement, color or legend. Encoded or non-encoded. 
With or without tactile feel, static or RFI shielding. 


Any special pattern, surface effect or color combi- 
nation graphics you specify, Cherry will produce. 
Screened or extruded textures, embossed keys, gloss 
or matte finish. 


Custom design, a modified standard or an off-the-shelf 
standard, Cherry has them all. Complete system de- 
signs, too. For communications interface, alphanumeric 
lighted displays or other keyboard-associated sub- 
systems. Working from your schematic...or creating a 
custom design to your specific task objectives. 


All this and unbiased application engineering assist- 
ance. Because we’re expert in all the most cost-effective 
keyswitch technologies...membrane, gold crosspoint 
and capacitive. A good reason to make Cherry your 
key source for linking man and machine. 


Send for your free Cherry Keyboard 
Kit. Then let us suggest the solution 
that’s right for your application. 


SEE Us At 
WESCON 
San Francisco 
Nov. 8-10 
Cherry Booths 
2028-2034 


CHERRY ELECTRICAL PRODUCTS CORP. 3614 Sunset Avenue, Waukegan, IL 60087 * 312/578-3500 


CIRCLE 134 


SYSTEM COMPONENTS/ °°): 0 


Mini LEDs 


The HDspP series of displays are 0.3” 


(7.6-mm) 7-segment LEDs. They are 
available in std red, high efficiency red, 
yellow, and green. LEDs feature bright, 
evenly lighted segments for high ambient 
light viewing, which can be increased up 
to 50% when the displays are driven at 
currents of 5 to 10 mA. A low drive cur- 
rent achieves the same brightness as HP’s 
existing family of 0.3” LEDs, with 25% 
less current and viewing distances up to 
10’ (3 m). In quantities of 1k, the LEDs 
are priced between $1.25 and $2.00. 
Hewlett-Packard Co, 1820 Embar- 
cadero Rd, Palo Alto, CA 94303. 

Circle 307 


High sensitivity 
optocoupler/isolator 

Operating with an input current of 
1 mA, the Mocs100 optocoupler consists 
of a gallium-arsenide LED coupled to a 
silicon phototransistor. It has a guar- 
anteed minimum current transfer ratio 
of 50% and can be directly driven from 
low level logic and telecommunication 
circuits. Device has 7500-V_ isolation 
voltage and UL recognition. Coupler/ 
isolator has applications in low power 
drain computers and telecommunica- 
tions. The 100- to 999-quantity price is 
$1.20. Motorola Semiconductor Pro- 
ducts Inc, PO Box 20912, Phoenix, AZ 
85036. Circle 308 


Thin-film network 


TDP1401 (14 pins) and TDP1601 (16 pins) 
are circuit configurations of precision 
thin-film resistor networks. Circuit is 
available with 13 or 15 nominally equal 
resistors, each connected between a 
common pin and a discrete board pin. 


All networks feature an epoxy-molded . 


package for auto-insertion ease. Std 
electrical characteristics include tol- 
erances of 1%, 0.5%, and 0.1% with 
+0.05% ratio tolerance. Typ price, in 
100s, is $2.59. Dale Electronics, Inc, 
Dept 860, Box 609, Columbus, NE 
68601. Circle 309 


STD bus enclosure 


A tabletop and rackmountable enclosure 
for STD bus systems, the vP200 consists of 
a prewired 16-slot motherboard, card 
rack, four voltage-level switching power 
supply, and cooling fan. Front-panel 
controls include a lighted reset switch 
and key operated power switch. Side 
walls and front panel are 0.08” (0.20-cm) 
clear aluminum. The 90-W supply pro- 
vides 5 V at 10 A, —5 Vat 1 A, 12 Vat 
2 A, and —12 V at 1 A. Rear panel has 
four DB25 cutouts, two DBSO cutouts, two 
Centronic cutouts, and a BNC cutout. 
The vp200 is priced at $750. Vector Elec- 
tronic Co, Inc, 12460 Gladstone Ave, 
Sylmar, CA 91342. Circle 310 


Disk rotor step motor 


SynchroStep is a step motor with an 
ironless disk rotor. Its magnetic circuit 
has low losses and negligible mutual 
inductance. The unit can operate in an 
overpower condition without significant 
saturation. This results in reduced 
torque ripple at high output levels. The 
motor is available with field windings in 
series or parallel, depending on drive 
requirements and operates at 3.6° and 
1.8° per step. Model uss-s2 has a 0.3-ms 
mechanical time constant, 158k-rads/s” 
theoretical acceleration, a 260-Hz reso- 
nant frequency, and a 30-kW/s power 
rate. PMI Motors, Inc, a div of Koll- 
morgen Corp, 5 Aerial Way, Syosset, 
NY 11791. Circle 311 


Sealed filters and capacitors 


Hermetically-sealed emi/rfi filters and 
capacitors feature a glass to metal seal at 
both ends of the case. The case meets the 
requirements of a fine leak test. Four 
circuit configurations are available 
(feed-through capacitors, L, Pi, or T) 
for ease in design implementation. 
Threaded mount units have an ac volt- 
age rating from 125 V to 240 V at fre- 
quencies to 400 Hz over the full temp 
range of —55 to 125 °C. Effective filter- 
ing begins below 50 kHz and continues 
through 10 GHz. Spectrum Control, 
Inc, 2185 W Eighth St, Erie, PA 16501. 
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Step motor systems 


High power step motor systems provide 
torques from 1450 to 5100 in-oz (10.2 to 
36 N-m) with a std resolution of 1k 
steps/revolution. Users must provide 
power and wiring between system com- 
ponents. Each system consists of a 
motor, motor translator, and power 


transformer. Motor translators are con- 
trolled by a pulse generator, or by preset 
indexes. The indexes give optional 
motor control through a programmable 
controller or computer. Step and direc- 
tion inputs operate at step rates up to 50 
kHz (50 revolutions/s at 1k pulses/revo- 
lution). Compumotor Corp, 1310 Ross 
St, Petaluma, CA 94952. 
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Keyboard assembly 


The series 2571 keyboard assembly is a 
low profile, 3- x 4-keyboard array. It 
features front-panel mounting and 
3-piece unitized construction. Keyboard 
has four 0.1" (0.254-cm) diameter posts 
that are 0.24” (0.61 cm) in length for 
flush mounting. Std output configura- 
tions are single pole/common bus, X-Y 
matrix, and two of seven. Conductive 
rubber contacts are rated 5 mA at 12 
Vde with a 200-0 resistance. Key and 
switch mechanism offers soft-click tac- 
tile feedback, and a contact and legend 
life of over 1M switch actuations. In 
100-piece quantities, price is $4.24. In- 
dustrial Electronic Engineers, Inc, 7740 
Lemona Ave, Van Nuys, CA 91405. 
Circle 314 


High resolution video displays 
Intended for high resolution OEM appli- 
cations, the 1200 and 1500 series are 110° 
monochrome monitors. Horizontal 
scanning frequencies are increased to 32 
kHz and video bandwidths to 32 MHz. 
The 1200 and 1500 have 12” and 15” 
screens, respectively. Each is available 
with switching power supplies for ter- 
minal and monitor logic. Featured is a 
built-in digital brightness control. Dis- 
plays can be supplied with any registered 
phosphor. Computer Displays Interna- 
tional, Inc, 859 S Rte 53, Addison, IL 
60101. 


Circle 315 
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Push-button/indicator series 

Series 50 line of lighted push buttons and 
indicators are interchangeable with the 
Micro Switch AML line. They feature 
momentary, alternate action switches 
and lighted indicators; solid state or 
electromechanical design; and incandes- 
cent and LED lighting. The devices are UL 
approved and CSA certified. VDE ap- 


provals are pending on several versions. 
Silver or gold contacts are available with 
a 100k cycle life on mechanical switches. 
A wide selection of lens caps, button 
heights, full- and split-screen displays, 
colors, and square or rectangular shapes 
are available. ITW Switches, An Illinois 
Tool Works Co, 6615 W Irving Park 
Rd, Chicago, IL 60634. Circle 316 


SafeTronic 
352 0100 300 X19 
3.6¥ + 100mAh 


These baltodes aA 40% more siacity 
in less board space. 


Varta Ni-Cd rechargeable bat- 
teries have major advantages 
over cylindrical competition. 
Their unique mass-plate 
construction provides more 
available capacity and longer 
standby life in less board space 
—frequently at a cost saving. 
Better packaging: To match your 
needs, we offer four configura- 
tions: (1) The sleeve-wrapped 
DK is compact—a 3.6-volt 
CMOS-backup unit takes, for 
example, just .71 sq. in. versus 
competition's 1.2 sq. in; (2) The 
Flat-Pack—less than 0.4"-thick 
—fits between boards on very 
tight centers; (3) The Mempac 
S is a pin-for-pin equal to G.E.'s 
Data Sentry, while providing 
40% more capacity; (4) The en- 
capsulated Safetronic takes 
even less board space than the 
Mempac S. 


Higher capacity: Our 100 mAh 
memory-protection batteries 
provide 40% higher capacity 
than the competitive 60 mAh 
units they typically replace. 
Better charge retention: Re- 
stricting internal losses, Varta 
mass-plate batteries, at 20°C, 
retain 63% capacity after five 
months versus 15% for 
cylindricals. 
Lower charging rate: These bat- 
teries can be charged at rates 
as low as 1 mA(C/100); compe- 
tition typically requires 4-7 mA. 
Charging power can be less. 
Varta mass-plate batteries are 
available in 10-1000 mAh capaci- 
ties. For information on Varta 
DK’s, Flat-Packs, Mempacs or 
Safetronics please contact Varta 
Batteries Inc., 150 Clearbrook 
Road, Elmsford, N.Y. 10523. 
914 592-2500. 


VARTA Batteries, Inc. 


VARTA World-renowned battery specialists. 
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Snap-in thumbwheel switch 


The Interswitch type v thumbwheel 
switch is a small front-mounted unit de- 
signed to snap into a front-panel cutout. 
It is held in place by springs that are 
parts of the end plates. Switches and end 
plates snap together so that no rods or 
nuts are required to hold the assembly 
together. Specs include 50-Vac or dc 
rated voltage, dielectric strength of 500 
V, 75-mA contact rating for switching, 
and a 1-A thermal current. The switches 
are available in black or tan. Inter- 
switch, 770 Airport Blvd, Burlingame, 
CA 94010. Circle 317 


COMBUTERS 


Unix workstation 


Minibox is a multi-user Unix workstation 
based on the Mce6soo0. It has a built-in Cc 
compiler, four or six Multibus card slots, 
single- or dual-floppy disk drives, and 
31.2M to 140M bytes of Winchester stor- 
age (expandable to 420M bytes). Work- 
station is built around the HK68 micro 
that provides CPU, floppy disk drive con- 
troller, Winchester and tape interfaces, 
four to eight serial ports, and 750K bytes 
of RAM, all in two of the Multibus card 
slots. Heurikon Corp, 3001 Latham Dr, 
Madison, WI 53713. 
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OR DATA GENERAL MV 


If you’re trying to support more than 

4 programmers doing 8086- or 8080-family 
software with stand-alone microprocessor 
development systems, here’s a way to 
increase your productivity 25%: 

Buy our MicroSET-86® or MicroSET-80™ 
software cross-development tools and a DEC 
VAX or DG MV/Family system to run them 
on. You'll save enough on your first major 
project to pay for the computer system. 

Of course, if you already have access to a 
VAX (or MV or any IBM-compatible main- 
frame), you're that much further ahead. 

People with experience in cross-develop- 
ment know it’s the best way to tackle big 
software projects. And only First Systems’ 
MicroSET gives you the industry’s most 
complete, most powerful cross-development 
tools, plus your choice of five efficient 
systems implementation languages. 


THE ONLY COMPLETE MULTILINGUAL 
DEVELOPMENT SYSTEM FOR THE 
8086 FAMILY 


MicroSET-86 lets you program in four 
powerful high-level languages: Pascal, C-86, 
FORTRAN-86, and PL/M-86. 

An assembler is also available, although 
First Systems compilers generate such fast, 
compact code that you may find you have 
little need for it (benchmark data available on 
request). You also get a linker/locater that 
allows combining modules written in 
different languages. 

Using our high-level Cross-Debugger to 
control execution on the target system, you 
can locate, fix, and re-test an erroneous line 
of code in a fraction of the time it takes using 


other methods. It's no wonder that MicroSET 
users routinely shave months off typical 
development schedules — while producing 
more reliable, more maintainable systems. 

MicroSET-86 supports the entire 8086 
family: 8086/8088/186/286 and 8087. It works 
with in-circuit emulators you may already 
own, and has a complete set of host-target 
communication programs and other valuable 
utilities not available elsewhere. 


ANNOUNCING NEW LANGUAGE- 


COMPATIBLE 8-BIT TOOLS 


First Systems now supports cross-develop- 


ment of 8080/8085/Z-80 software with 
MicroSET-80, consisting of PL/M-80 
compiler, assembler, linker/locater, 
cross-debugger, plus utilities. 

Request complete information today. And 
take the first step toward your own free 
computer. 


Intel is a trademark of Intel Corporation 
VAX is a trademark of Digital Equipment Corporation 
Z-80 is a trademark of Zilog, Inc 


© 1983 First Systems Corp = 


First Systems 
Corporation. 


Products for productivity. 


865 Manhattan Beach Blvd., 
Manhattan Beach, CA 90266 
(213) 546-5581 
TELEX: 298086 FIRSYS 


CIRCLE 136 


SYSTEM COMPONENTS/ 9) 


Multibus and CP/M-86 system 


Model 95/36A CP/M system is a family of 
Multibus CP/M-86 micro systems. Units 
come housed in a single integrated chassis 
providing three 8” peripheral slots and 
nine Multibus card slots, or in a 2-part 
modular chassis, one with two 8” 
peripheral slots and a second with nine 
Multibus card slots. Memory choices 
include 128K, 256K, or 512K bytes of 
RAM with parity. Drive options include 
one or two half-height 1M-byte floppy 
diskette drives and 10M-, 20M-, or 40M- 
byte Winchester disk drives. Universal 
development interface allows CP/M-86 
systems to run Intel series 111 compilers 
and utilities. Std model is $8545. Zendex 
Corp, 6644 Sierra Lane, Dublin, CA 
94568. Circle 319 


Automated testing computer 


The model 600 instrumentation computer 
features minicomputer architecture and 
performance. It uses the MC68000 with 
parallel processing and multitasking, 
150K bytes of memory with parity std, 
and full high speed dot-addressable 
graphics. In addition, the unit has six 
slots for expansion, high speed GPIB, and 
enhanced Basic with more structured 
programming. The computer operates 
with dual 5%” double-density floppy 
(300K-byte) disks. Keyboard is detach- 
able and includes a numeric pad with 
arithmetic functions. Programming and 
editing keys are std. The instrument is 
priced at $7950 with 384K bytes of mem- 
ory. Wavetek, 9045 Balboa Ave, San 
Diego, CA 92123. Circle 320 


SORIA! 


C cross compiler 


Combining the NS16000 with the c lan- 
guage, a C cross compiler eliminates the 
need for almost all assembly language 
programming. The software consists of a 
native code generator for the host devel- 
opment system, and a code generator for 
the NS16032. The package also includes a 
cross assembler that optionally produces 
complete assembly listings. In addition, 
a cross linker provides for construction 
of RAM/ROM combination systems. Ini- 
tially available for the VAxX/vMs, 
RSX-11M, Unix, and Idris host computer 
systems, the software costs $2500. JMI 
Software Consultants, Inc, 1422 Easton 
Rd, Roslyn, PA 19001. Circle 321 
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IBM PC cross assembler 


Micro cross assemblers for the IBM PC 
and 8086/8088-based systems are available 
under both the MS-DOS (PC-DOS) and 
CP/M-86 Operating systems. Cross assem- 
blers allow small computers to be used as 
software development systems. The 
assemblers presently cover 11 micropro- 
cessor families: 6805, 6809, 1802/1805, 
8048/8041, 8051, 6502, 6800/6801 /6301, NEC7500, 
F8/3870, COPp400, and zs. Applications for 
the assemblers include machine tools, 
medical instruments, and navigational 
equipment. Software ranges in price 
from $250 to $500. Avocet Systems, Inc, 
804 S State St, Dover, DE 19901. 
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Compiler for 8080/8085 and 280 


The C cross compiler for the 8080/8085 
and Zz80 micros is a portable program 
that can be licensed in both source code 
and binary versions. Full c language is 
acceptable, as well as extensions such as 
identifiers of any length, all characters of 
nonexternal identifiers are significant, 
and arithmetic operation on Char data 
are performed without conversion to 
integers. Software permits executable 
code and constants to be located in one 
memory section while data are in another 
section. License fees will range between 
$2000 and $8500. Microtec Research, 
Inc, PO Box 60337, Sunnyvale, CA 
94088. 
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Structured macro cross assembler 
REX-SMA/186 is a relocatable macro cross 
assembler software package supporting 
developments for Intel iAPX 86/87/88/186/188 
microprocessor applications. Package 
contains five utility programs including a 
macro assembler, across linker, an abso- 
lute object-code locater, an object-code 
librarian, and a menu-driven computer 
interface. The assembler supports type 
checking, structures, records, and macro 
processing language. Additionally, it 
supports 8087 program development. 
Any object code modules and object- 
code libraries from Intel language pro- 
cessors can be linked and located using 
the cross assembler package. Software 
can be ordered to run on the PDP-11, 
LSI-11, or the VAX-11. Prices start at 
$3250. Systems & Software, Inc, 3303 
Harbor Blvd, Costa Mesa, CA 92626. 
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Network operating system 


Mmmost 2.11 is an enhanced operating 
system for multi-user, multiprocessor 
network systems. Benefits include 8- and 
16-bit personal workstations on the 
same network, enhanced print spooling, 
and tape backup capabilities for the Ts 
806/20 computer. Programs can run at 
the same time that files are being 
printed. Operating system provides 
simultaneous execution of CP/M and 
CP/M-86 application software. Each 
workstation contains its own CPU and 
RAM. System allows documents to be 
queued for printing with one command. 
Backup is also available. Operating 
system is priced at $200. TeleVideo 
Systems Inc, 1170 Morse Ave, Sunny- 
vale, CA 94086. Circle 325 


Software package combination 


DT-DATS is an integrated software 
package that combines data acquisition, 
signal processing, and graphical display. 
It supports both menu-driven interactive 
programming and batch-type JOB pro- 
cessing as well as linkages to user written 
FORTRAN programs. Each separate ac- 
tivity is implemented as a program 
module that carries out one definable 
function. The 40 menu-driven pro- 
gramming modules prompt the user for 
required inputs. Many parameters have 
default values to speed programming. 
The software package’s initial license fee 
is $15,000 for either RSX-11 or VMS 
Operating systems. Data Translation, 
100 Locke Dr, Marlboro, MA 01752. 
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CP/M-86 and MS-DOS compiler 


Basic compiler can be used on 8086- or 
8088-based systems. It runs under 
CP/M-86, MS-DOS, and IBM PC-DOS. Super- 
Soft Basic is compatible with Microsoft 
Basic and follows ANSI stds. It is a native 
code compiler, not an intermediate code 
interpreter, and its implementation is a 
superset of std Basic that supports nu- 
merous extensions. This Basic uses BCD 
math routines for greater accuracy and 
prevention of decimal round-off errors. 
Other features include four variable 
types, formatted output, long variable 
names, error trapping, and matrices with 
up to 32 dimensions. Compiler requires 
128K bytes of memory (minimum) and 
sells for $300. SuperSoft Inc, 1713 S Neil 
St, PO 1628, Champaign, IL 61820. 
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Otari has excelled in the design and 
manufacture of magnetic tape handling 
equipment for over twenty years. 

Now Otari redefines excellence in another 
magnetic medium with the introduction of 
extraordinarily reliable, high performance 
5’4" Winchester disk drives. 

Otari’s new series of drives, with capaci- 
ties of 5, 10, 15, and 20 MB (formatted), 
feature a fast 77 msec average access 
time, microprocessor controlled servo 
positioning, low power consumption, and 
low weight. 


© 1983 OTARI ELECTRIC CO., LTD 


Both full and half height drives are built 
at Otari’s sophisticated production facilities 
in Japan, where the commitment to quality 
control is absolute. Every phase of 
production, from base plate machining and 
Class 100 clean room assembly to burn-in 
and final testing, is accomplished under 
one roof. 

Standing behind the excellent specs are 
the Otari name and Otari resources: 
Resources that ensure a steady supply of 
the drives you need, when you need them. 


The name that sets the stardard for reliabil- 


CIRCLE 137 


AT OTARI, THE DRIVE IS TO EXCEL 


ity and quality in small Winchester drives. 

Call or write for full details about Otari’s 
excellent new line of full and half height 
5%" disk drives. 


Otari Electric Co. Ltd. 4-29-18 Minami- 
Ogikubo, Suginami-ku, Tokyo 167. Phone: 
(03) 333-9631, Fax: (03) 331-5802, 

Telex: J26604 

Otari Singapore Pte., Ltd. Golden Mile 
Complex, 5001 Beach Rd. #03-50, 
Singapore 0719 Phone: 294-5370, Telex: 
RS36935 OTARI 


OTARI. 
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Low cost logic analyzer 


The ML4100 logic analyzer operates at 
speeds up to 100 MHz, has data widths 
up to 32 channels, and memory depth up 
to 8k samples/channel. Analyzer has a 
built-in, 5”, green screen CRT on which 
12 channels of timing diagram can be 
displayed. The state display can be for- 
matted and reformatted to achieve any 
digit combination in binary, octal, hex, 
or ASclil. Data and clock qualifiers can 
trigger delay of up to 50k clocks. Special 
pods provide 1-clip connection to most 
micros. Device is priced at $2195. Arium 
Corp, 1931 Wright Circle, Anaheim, CA 
92806. 
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Dual-trace/time base scope 


Model 1540 oscilloscope features 
5-mV/div vertical sensitivity to 40 MHz 
(selectable to 1-mV/div sensitivity to 15 
MHz). The dual-trace, dual-time base 
device includes a5” rectangular CRT with 
graticule, scale illumination, and 12-kV 
accelerating voltage. Trigger sources are 
CH1, CH2, line, external, and v mode for 
displaying two signals unrelated in fre- 
quency. Other features are front-panel 
X-Y operation, Z-axis input, sum and 
difference capability, gate and sweep 
Output, and single-sweep operation. 
Scope is priced at $950. B&K Precision/ 
Dynascan Corp, 6460 W Cortland Ave, 
Chicago, IL 60635. 


Portable digital scopes 


The 336 is a combination nonstorage and 
digital storage oscilloscope. It measures 
signals to 50-MHz equivalent time band- 
width (in store mode) with memory 
length of 8 x 1024. In nonstorage mode 
it measures signals to 50-MHz band- 
width for analyzing and storing low rep 
rate signals on the digital channel. Micro 
control allows users to add, subtract, or 
multiply the signals of channels 1 and 2 
and to calculate rms, pk to pk, and avg 
of acquired waveforms. The scope has a 
menu system and alphanumeric CRT 
readout. The price of the 336 is $4500. 
Tektronix, Inc, PO Box 500, Beaverton, 
OR 97077. Circle 333 


12” Diagonal, 76 Degree, in-Line Gun, 
.31 mm dot pitch black matrix, non- 
glare surface (NEC 320CGB22) 


R,G,B channels, Horz Sync, Vert Sync, 
Intensity — all positive TTL levels 


Input Signals 


Video Bandwidth 15 MHz 


Horizontal -— 15.75 KHz 
Vertical - 60 Hz 


Scan Frequencies 


Misconvergence Center: 6 mm max, Corner: 1.1 mm max 


Display Size 215 mm X 160 mm 

Horizontal — 690 dots 

Vertical - 240 lines (not interlaced) 
480 lines (interlaced) 


Resolution 


OEM inquiries invited, contact PGS for complete Sustens 


technical data, pricing and delivery. 


1101-l State Road OO Princeton, New Jersey08540 O 
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ms High Resolution 80 ch 
Sustems High Resolution 98 ch 
Sustens 


Princeton 


Graphic Systems 80 character display 


(609)683 1660 (© TLX:685 7009 PGS Prin. 


THERE IS MORE THAN 
ONE GOOD REASON: FO CALL 


awa 
ake HEURIKON your source 
for Multibus microcomputers and 
sytem components. 


Since 1972 Heurikon has been 
working hard to make life a little 
easier for those who “‘put it all 
together.’’ Powerful Z-80™ and 
MC68000™ based Multibus™ 
microcomputers like MLZ-92A and 
HK68 have helped Heurikon 
customers find economical solutions 
for their problem applications. 


MLZ-90A 
TS OR Ta. 


MLZ-91A 
ss . 


MLZ-92A 


MLZ-93A 


MLZ-90A single board 
microcomputer with nine byte-wide 
memory sockets for use with RAM 
or ROM (AM9511 and floppy disk 
drive controller optional). 


MLZ-91A single board CP/M™ 
system with on-card floppy disk 
drive controller, winchester 
interface, optional AM9511, 
streamer tape interface, two serial 
ports, one parallel port, 64K bytes 
RAM with parity, two EPROM 
sockets, and GPIB CONTROLLER. 


MLZ-92A single board CP/M™ 
system with four serial ports on- 
card, floppy disk drive controller, 
winchester interface, optional 
AM9511, Centronics printer 
interface, 64K bytes of RAM with 
parity, and two EPROM sockets. 


MLZ-93A single board CP/M™ 
system with 128K bytes of dual 
ported RAM, four EPROM sockets, 
floppy disk drive controller, optional 
AM9511 and powerful serial port 
features including SDLC and HDLC 


protocol support and modem controls. 


HEURIKON 


complying with Intel iSBX 
specifications. 


Presently available are the SBX-FDIO 
floppy disk controller module and 
the SBX-SIO serial port expansion 
module. 


HK68™ powerful and versatile 
single board UNIX™ or CP/M-68K™ 
system with MC68000 CPU, MMU, 
quad channel DMA, four serial 
ports, 128K or 256K bytes of on- 
board RAM with parity (expandable 
to 1M byte on-board!), and two 
iSBX™ connectors for I/O expansion. 


The SBX-FDIO can control up to four 
single or double sided, single or 
double density 5% inch or 8 inch 
floppy disk drives. A software 
toggle allows both 5% inch and 8 
inch drives to be intermixed on the 
same cable! 


The SBX-SIO is a quad serial port 
expansion module utilizing Zilog 
SCC controller chips with built in 
baud rate generators. The SBX-SIO 
is available in synchronous and 


MLZ-VDC intelligent 640 x 480 x 4 
asynchronous models. 


color graphic controller based on 
the NEC 7220 controller chip with 
on-board Z-80 CPU, DMA controller, 
and user definable FIFO interface to 
Multibus™ Users may display up to 
16 colors from a 4K palette. Up to 
1024 x 1024 x 3 interlaced also 
available. 


iSBX Expansion Models 
Heurikon also stocks iSBX™ 
modules for I/O expansion on its 
HK68 and MLZ-VDC. These modules 
may be used on any other board 


HEURIKON 


3001 Latham Dr. Madison. WI 53713 Telex 469532 


See Tekelec Airtronics 
Hall 14 Booth 14005/14102 


Systems 

Heurikon also supplies completely 
integrated systems with your choice 
of CP/M-80™, MP/M-80™, CP/M- 
68K™) and ‘Berkeley enhanced” 
Unix operating systems. 


Systems are available with four, six, 

and fourteen slot enclosures with 5% 
inch or 8 inch dual floppy or floppy 

winchester drive combinations. 


Call Heurikon Direct l 800 356-9602 In Wisconsin | 608 271+8700 


2-80 is a trademark of Zilog Corp. Multibus & 1SBX are trademarks of intel Corp. UNIX Is a trademark of Bell Lab. CPM 68000 Is a trademark of Digital Research HK 68 1s a trademark of Heurikon Corp 


CIRCLE 139 


(R) 


Retro-Graphics, DEC ReGIS, 
and Tek 4010/4014. 


ReGIS™ or 4010/4014 graphics capability? Simply put, the only decision to make is Retro- 

The one, Tektronix® 4010/4014, is the industry standard Graphics, With ReGIS and 4010/4014 compatibility and 
for scientific and engineering graphing. While the other, DEC field support. 
ReGIS, developed and fully backed by DEC™, is a front- Call today or clip and mail the coupon for the full pic- 
runner both in business graphing — and as a protocol ture from a Retro-Graphics dealer. 


with a big future. 
Until now, developing graphics meant a choice be 


tween the two 4010 4014, 


Retro-Graphics makes the ges BO , lil eietctn | 


ray cD10/83 
decision for you. 
Our DQ650-Series Retro-Graphics — 


with new ReGIS option — now de- CLIP AND MAIL TO 


livers both 4010/4014 and ReGIS com- Digital Engineering 
patibility. In 800-by-480 resolution. On 630 Bercut Drive 
DEC's family of VDTs, including the Dept. 217 


VT100™ and VT102™. With full backing Sacramento, CA 95814 
by DEC field service ‘ 

In short, with your Retro-Graphics up- 
dated DEC terminal, you have a bit-map , 
graphics display that is compatible with whe 


your existing Tek® software library or any q O Send information on Retro-Graphics with ReGIS 

operating program that contains ReGIS F and 4010/4014 compatibility 

protocol. () Arrange an informative demonstration 

Retro-Graphics. Now backed by # 

DEC field service. g NAME 

Installed in more than 25,000 sites, Retro-Graphics has ri TITLE 

been delivering Tek features to DEC terminals for years 
In fact, the popularity of Retro-Graphics is so wide- i COMPANY 

spread, domestic DEC field service is offering a variety of He ‘ 

service programs for Retro-Graphics updated DEC dis- § ADDRESS 

Plays CITY STATE ZIP 
This means the level of support available for your up- a 

graded DEC terminal is now superior to any offered by # TELEPHONE ( ) 


DEC-terminal emulators and independent graphics- 


terminal manufacturers & ie og FF FF Gg Ff fF Ff Ff Ff Fl 


. = See Us At Comdex Booth #2236 
=a DIGITAL 


saan ENGINEERING 


630 Bercut Drive, Sacramento, CA 95814 
(916) 447-7600 Telex: 910-367-2009 


Retro-Graphics is a registered trademark of Digital Engineering, Inc. © 1983 Digital Engineering, Inc 
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Paperless recorder 


DDS7800 paperless recorder is a 
microprocessor-based data acquisition 
system. It includes a 9” CRT, dust- 
resistant keyboard, and menu program- 
ming. Data cartridge mass storage and 
software provides alphanumeric tag 
numbers, bar graphs, math functions, 
32-char descriptive phrases, and four 
levels of alarm/point. The recorder uses 
a peripheral printer to record data rather 
than having dedicated stripchart record- 
ers. RS-232-C and 20-mA current loop 
interfaces are available. Tracor Westron- 
ics, 2441 Northeast Pkwy, Fort Worth, 
TX 76106. 

Circle 336 


Two industrial control systems 


Two micro systems, designated 3940 and 
3941 RacPac Industrial Basic Il, are 
suitable for applications requiring rapid 
system start up. Both systems include the 
1874+ board, RS-232-C communication 
adapter, 2-channel communication con- 
troller cable, and documenation. On- 
board CPU contains 80K bytes of user 
memory. In addition, the systems have a 
battery-backed time-of-day clock for 
realtime operations, an APU, and two 
serial communication channels. Indus- 
trial Basic 11 is a programming language 
with extensions that supports interrupt 
and power-fail handling, I/O commands, 
and flexible program and data storage. 
Both systems are expandable and sup- 
port additional 180+ bus _ boards. 
Xycom, Inc, 750 N Maple Rd, Saline, MI 
48176. 


Circle 337 


Industrial single-board computer 

The PPM 86-50 is a Multibus single-board 
computer for industrial control. Features 
include a 5-, 8-, or 10-MHz 8086 or 80C86 
max mode micro, a CP/M-86 1.1 operating 
system in silicon, 128K bytes of EPROM 
in 32K-byte increments, and 128K bytes 
of CMOS static RAM in 16K-byte incre- 
ments. In addition, there are 96 buffered 


e Directly pin compa ible wi 


V/oO lines, a 19.2k-baud (max) RS-232-C 
async port, and a realtime calendar/ 
clock. For number crunching, the pro- 
posed IEEE floating point standard is 
implemented in hardware. Base price for 
the 5-MHz version is $695. PPM Inc, 
23945 Mercantile Rd, Cleveland, OH 
44122. 

Circle 338 


rical Control 
he For improved 


st development of a wide 
efneration; positioning control. 


TEEE 796; 8 bit microprocessor moni- 


tors multibus lines, drives interpolation pulse generator when 


addressed. 


e Linear and circular interpolation 


e NCB-102 eliminates interpolation logarithmic development... 
reduces softwear, debugging time & costs. 


@ KM3701 LSI efficiently generates interpolation pulses for X and Y 


axes as instructed by CPU. 


e KM3702 precisely monitors input pulse; generates required pul- 


ses for D/A converter. 


e Simultaneous 2-axis control . . 


.3 and 4 axes control possible. 


© Built-in microprocessor, automatic acceleration/deceleration 
control eases overall operation. 


Send for complete information on NCB-102 module — Circle 171 
For data on LSIs - Circle 176 


ey 


TOKO AMERICA INC. 
5520 W. Touhy Ave. Skokie, IL. 60077 Tel: 312/677-3640 Telex: 23-0724372 
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Each questionnaire returned gives you a chance to win a special prize. 
Drawings are made after each issue, with a grand prize drawing at 
year end. 


MONTHLY DRAWING — HP 41CV PROGRAMMABLE CALCULATOR 
The HP 41CV offers advanced problem-solving power yet is easy to use. 
Communicates in words as well as numbers. Gan be programmed to meet 
your specific needs. Fifty-eight popular functions, 130 total functions in pro- 
gram library. Memory expandable to almost 6,500 bytes. 


ANNUAL DRAWING — HP 85 DESK TOP COMPUTER 

This portable (20 Ib.) unit includes an alphanumeric keyboard, tape drive, 
thermal printer, built-in 56K byte memory, CRT screen, and 150 built-in 
BASIC language commands. You can add peripheral and software packages 
to expand system capability. A $2800 value! 


Like DECS. 


$9,800 system price* 


Media and software 
compatibility with 
DEC’s RX02 8” floppy 
256KB minimum... (vs. MICRO/PDP-11’s 


up to 4MB! non-compatible 514” floppy) 


oe 


8-quad slot 
Q-bus card cage 


Supports RT-11, RSX-11M, 
RSX-11M-PLUS, 
UNIX, and 
TSX-PLUS 


1.0MB floppy disk 
back-up (vs. 2 x 400KB 
for MICRO/PDP-11) 


-- Only better. --, 


Two fans in card cage 
area (vs. one in 


MICRO/PDP-11) 


RLO2-compatible ff 4 
10MB 514” | By paying a little more than you would for a i 
Whettupcher® dick q MICRO/PDP-11, you can get a lot more! Like an 8” 5 
Sie 2 RX02-compatible floppy. 1OMB or 20MB 514” Winchester 
standard; Band space for a 514” cartridge tape. Two fans provide a 
20MB optional B push-pull air flow in the card cage area. ij 
B= The A22 with LSI-11/23, 256KB, 10MB Winchester, and § 
Space for 1 °& floppy is only $9,800. 30-day delivery. i 
future 40MB i For more information, forward this coupon to us, or, for Fy 
; faster response, call (609) 799-0071 

cartridge tape a 8 
drive. q Send information. O Contact me immediately. § 
q Name i, | 
a Company i i 
: Address : 
*$9,800 is single-quantity domestic price for A22 with LSI-11/23 q City State Zip Phone fl 
256KB, 1OMB Winchester and RX02-compatible 8” floppy 4 Return to: ¥ 

DEC, LSI-11, PDP, RSX, and RT-11 are trademarks of Digital Equipment Corporation Dataram Corporation, Princeton Road, Cranbury, NJ 08512 

TSX-PLUS is a trademark of s&h computer systems, inc 

UNIX is a trademark of Bell Laboratories L A al 
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Dataram Corporation © Princeton Road © Cranbury, New Jersey 08512 0 Tel: 609-799-0071 0 TWX: 510-685-2542 
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Controller and programmer 


Programmable controller (model SK-2100) 
and programmer (model LCD 21) are 
designed for electronic control of 
sequential operations. Modular design 
features a mainframe for 16 plug-in 
modules. Each module has 16 optically 
isolated I/Os on one strip for a total of 
256 1/Os in any mix. Controller offers 


arithmetic capabilities (add and sub- 
tract), numerical data handling, 240 
timers/counters, and shift registers in 
definable range. Programmer features a 
Lcep for ladder diagram, programming 
in relay symbols, and membrane key- 
board. Entertron Industries Inc, 3857 
Orangeport Rd, Gasport, NY 14067. 
Circle 339 


Motion control Apple boards 


Two plug-in boards for the Apple II/Ile 
allow the computers to be used in indus- 
trial motion control applications. The 
A6 T/D board provides high speed pulse 
generation and pulse counting capabili- 
ties. The device can then interface to the 
computer with stepper motor drivers as 
well as receive rotary encoder pulses for 
position indication. The A32 is an opto- 
isolated digital 1/o board that can be 
used in any combination of 1/0 channels. 
Both boards come with utility programs 
that link functions to Basic software. 
Rogers Laboratories, Inc, 2710 Croddy 
Way, Santa Ana, CA 92704. 

Circle 340 


OEM IMAGE PROCESSORS 
FROM IMAGING TECHNOLOGY. 


High Performance, Low Price. 


% 


conferencing, among others. 


For details call, (617) 938-8444. Or write to: 
Imaging Technology Incorporated 
400 West Cummings Park, Suite 4350, Woburn, MA 01801 


Introducing the IP-512. The first family of OEM 
image processing modules with high performance 
features available only on systems costing much, much more. 

The IP-512 is a real-time image processor that's plug 
compatible with the INTEL MULTI-BUS and DEC Q-BUS. 

It interfaces with any standard video source, stores images 
in single or multiple 512x512 frame buffers with up to 24 bits/pixel 
and includes a pipeline ALU for real-time image averaging, summa- 
tion, subtraction and convolutions. 

The modules include programmable |/0 Transformation 
Tables and provide for B&W and RGB output. 

Specialized applications include image analysis, factory inspec- 
tion, medical imaging, industrial radiography, robotic vision and tele- 


VNGTING 


*MULTI-BUS is a trademark of INTEL CORP. 
“O-BUS is a trademark of Digital Equipment Corp. 


Imaging Technology, Inc. 


© 1983 IMAGING TECHNOLOGY INCORPORATED 
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Shielding compound 

Developed for emi/rfi shielding, the 
Meta-Shield 1234 is conductive coated for 
shielding plastic-molded housings. The 
material is formulated with a corrosion- 
and oxidation-resistant copper particu- 
late. It adheres to bondable substrates 
and coats structural foam as well as 
dense molded plastics, and is polycar- 
bonate compatible. Attenuation values 
and humidity resistance exceed those 
attainable with other solvent paints or 
lacquer systems based on nickel or other 
conductive particulates. Price is $75 to 
$125 and it is available in various pack- 
aging sizes. Mereco, div of Metachem 
Resins Corp, 1505 Main St, West War- 
wick, RI 02893. 

Circle 341 


Expanded VG/DIN connectors 


VG/DIN connectors with metal to metal 
reliability are available with up to 201 
contacts (three rows of 67). In both std 
and inverse gender DIN configurations, 
they feature select plating, low insertion 
forces, and positive alignment and mating. 
Connectors meet VG 95324, DIN 41612, and 
MIL-C-55302 stds. In addition to typ ter- 
mination options, the inverse expanded 
DIN is offered in a preassembled com- 
pliant pin connector with application 
tooling. Eleo Corp, Connector Div, 
Huntingdon Industrial Park, Hun- 


tingdon, PA 16652. 
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Don't take 
no for an answer! 


WINCHESTER CARTRIDGE DISK DRIVES FOR MICROCOMPUTERS 


Feature 


DMA Systems 
5%" Drives 


Other 


3.9" Drives 5%" Drives 


Now in production yeS no no 


Data interchange 


yes no no 


Contamination control yes no no 


Retractable heads 


yes no no 


Standard cartridge yes no yes 


40 ms access time yes no no 


5 Mb capacity (formatted) YS yYyeS yes 


Capacity growth capability yes no no 
Removable-only drive yes yes yes 


Fixed/Removable drive yes no no 


A comparison of Winchester 
cartridge disk drives shows there's 
really no comparison. 

Only DMA Systems allows you to 
interchange data between drives. 

Only DMA Systems has a unique 
retractable head that ensures data 
integrity by never touching the disk. 

Only DMA Systems has a self- 
sealing clean air system that prevents 
contaminants from reaching the data 
—even after thousands of insertions. 

And only DMA Systems gives 
you a choice of fixed/removable or 
removable-only drives. Both mod- 
els match mini-floppy front panel 
dimensions and adapt to existing 
5%" Winchester drive controllers. 

What's more, DMA Systems is 
the only manufacturer delivering 


microcomputer Winchester cartridge IMA 
disk drives. 
But DMA Systems drives don't SYSTEMS 
just outperform other cartridge sys- The Removable Winchester Company. 
tems. They outperform all other 
types of microcomputer backup. 
Consider the alternatives... 
Floppies have low capacity, poor 
reliability and slow access time. 
Streamers are unreliable and 
cant provide random access. 
There's only one drive manufac- 
turer who can answer “yes’ to all of 
your needs: DMA Systems. 
For more information write 
DMA Systems, 601 Pine Ave- 
nue, Goleta, CA 93117. Or 
call (805) 683-3811, Se setae 
Telex 658341. | Pty 
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Micro-based interface 

Q-3024 interface unit uses the ASCII format 
over a serial link to interconnect analog 
inputs to a serial-ported mainframe or 
small computer. Basic can be used for 
control programming in almost every 
case. Unit has two 12-bit analog inputs 
coupled with four digital outputs to moni- 
tor industrial processes, motor control 
positioning, and lab experiments. Addi- 
tional space in the interface allows stand- 
alone applications with any mix of analog 
inputs and serial/parallel digital outputs. 
Units sell for $395. Quasitronics, Inc, 211 
Vandale Dr, Houston, PA 15342. 
Circle 343 


HP-compatible comm interface 


Designed for use with Hewlett-Packard 
85, 86, and 87 computers, the COM-80 com- 
munications interface provides cost- 
efficient data communications. The 
interface features a multiport enabling 
the user to collect, edit, store, and for- 
ward data from an ASCII device to a host 
computer without recabling. One card 
allows async and bisync communications 
on multiple ports; three serial devices can 


ZEUS SUB-LITE-WALL Watts 


HOLDERS 1x = STYLES 


COIN HOLDER 


ASH TB 


OF TEFLON" TFE 


CAT WHISKER 
THIN WITHA 
HOLE IN IT! 


be interfaced without modification. Std 
baud rates are 110 to 9.6k and multi- 
cable configurations are available. With 
the interface, users can emulate Hasp 
workstations via 2780/3780 terminal 
emulation. Corporation for Distributed 
Systems, 17440 Dallas N Pkwy, Dallas, 
TX 75252. 

Circle 344 


Interface card 


The BUS-65400, a dual redundant remote 
terminal unit card assembly, complies 
with MIL-STD-1553. The card contains iso- 
lation resistors, BUS-25679 transformers, 
BUS-63115 transceivers, and an LSI chip 
set. The LSI chip set includes encoder/ 
decoders, protocol sequencer, and a 32- 
word FIFO. Dual watchdog timeout 
circuits and a clock generator are also in- 
cluded. The device interfaces directly to 
a dual redundant MIL-STD-1553B MUX BUS 
on one side and a subsystem parallel tri- 
state data highway on the other. The 
price is $2499. ILC Data Device Corp, 
105 Wilbur Pl, Bohemia, NY 11716. 
Circle 345 


Fits all coin type 


= 
Ma": 


THE WORLD’S SMALLEST TUBING _— 


FOR ADVANCED MICRO-TECHNOLOGY! 


Inert! Highly dielectric. Slippery. Abrasion-proof. Permanent. 
Stands temps to 500°F. Uniform ID’s down to .001”; thin-walls to 
2.5 mils. Heat-shrinkable or permanently extruded around wires 
to AWG 44. Available expanded to heat-shrink ratios of 4 to 1 
around irregular shapes, delicate equipment, to encapsulate 
against damage or corrosion. Special requirements welcome. IF 


YOU CAN USE IT, ZEUS MAKES IT! 


SEND FOR FREE SAMPLES & BROCHURE 


E> TEUS INDUSTRIAL PRODUCTS, INC. 


P.O. BOX 298, Raritan, NJ 08869 
800-526-3842 * 201-526-0800 * TWX 710-480-9346 


* DuPont's registered trademark for its fluoropolymer resins 
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Memory 


cells up to 23mm x 3.2mm. 


Protection : 
was Never Easier. 


Now you can permanently solder MPD's newcoin or horizontal 
battery holder right on your PC board. Standard 3 volt lithium 
cells for reliable memory back-up systems clip right in... 


STD bus card series 


Five low power CMOS STD cards (series 
MSI-C000) are designed for industrial 
applications. The MSI-C850 CPU card is 
based on the NScs00 and provides up to 
32K bytes of PROM or RAM using 27C16-, 
27C32-, Or 27C64-type memories. Card is 
available for 1-, 2.5-, and 4-MHz clock 
frequencies. MSI-C764 provides 64K bytes 
of PROM or RAM and optional battery 
backup for RAM. I/O cards include the 
MSI-C540 with 24 general purpose pro- 
grammable 1/o lines and selectable out- 
put buffer ics. A 50-pin 1/0 connector is 
compatible with industry std. Additional 
cards provide parallel 1/0. Prices range 
from $150 to $350 for the various mod- 
ules. Microcomputer Systems, Inc, 1814 
Ryder Dr, Baton Rouge, LA 70808. 
Circle 346 


Special Edition Preview— 


Portable computers—in 
late October. 


CYLINDER 


HOLDER 
BH2/3A* 


Fits all standard 
type cells style 2/3A. 
(Dustcover available) 


e Sturdy, high-temp UL94V-0 Valox® material ¢ Stainless steel 


nickel plated contacts ¢ Easy insertion and removal of batteries 


e Efficient, economical © Custom battery holders available on 


request. 


“Patent Pending 


For all the details, call or write today. 


5) Memory Protection Devices inc. 


320 Broad Hollow Road, Farmingdale, NY 11735 © 516-454-0340 


CIRCLE 144 


LEX ley rea. 3) OU 


The Lexidata 3700 has 
the speed and performance 
youve come to expect from 
the leader in high resolu- 
tion displays. 

In terms of speed, the 
3700 writes in pixel blocks 
automatically (e.g. for fills 
and horizontal vectors). 
This is continuous speed, 
not burst speed, at 42 mil- 
lion pixels per second. 

Its pixel-by-pixel rate is 
also continuous and fast. 
Fast when you’re generat- 
ing vectors. Fast for indi- 
vidual pixel update—crucial 
for imaging applications. 

This speed is aug- 
mented by state-of-the- 
art 1280 x 1024 color 
at a flicker free 60hz 
refresh. 

In terms of perfor- 
mance, the 3700 comes 
standard with Writable 
Control Store (WCS), | 
enabling the user to | 


implement his own high 
speed routines. Addition- 
ally, WCS also gives direct 
access to the main proc- 
essor, so even complex 
functions run fast. There’s 
also separate storage for 
over 1000 characters in 
user-definable fonts. 
Remember, too, that the 
3700 stems from the 3000 
family, the most popular 
high-performance line ever 
developed. The 3700 is a 
complete performance 
package offering speed and 
features that live up to your 
expectations. 
The Lexidata 3700. 
Fasten your seat belts. 
For quick response 
call 1-800-472-4747 (in 
Massachusetts, call 
617-663-8550) or write 
to us at 755 Middlesex 
Turnpike, Billerica, 
MA 01865. TWX 710- 
347-1574. 


GILEXIDATA 


The clear choice in raster graphics. 
CIRCLE 167 


GIVE 


US AN INCH. 


The board section above is for a 
Burroughs computer using TTL 
and ECL devices, some packaged 
in pin grid arrays. 4 mil wire is 
routed ona 14 mil grid, with three 
wires between holes. Component 
density exceeds 2.5 DIPs per in. 
sq. (14-pin DIP equivalent). 

You may be facing stiff tech- 
nical challenges like this as you 
design your next generation of 
product. Challenges that are diffi- 
cult to meet using traditional cir- 
cuit board technologies. 

That’s when Multiwiré’ can 
help. We’ve successfully solved a 
variety of customer problems 
involving high-speed logic applica- 
tions in advanced Schottky and 


ECL, high pin-count packages and 
dense component packaging. 

At our Advanced Manufactur- 
ing Group, we’ve provided boards 
for surface mountable devices and 
employed alternative substrates 
such as metal core and polyimides 
to meet special customer needs. 

Multiwire works with you 
from your initial design stage to 
finished boards. We can design 
your board from a schematic or 
several other design options. So 
we provide single-source respon- 
sibility for your project from start 
to finish. And we deliver boards 
routinely in four to six weeks. 

We’d like to send you more 
information on Multiwire. Just 


AA MULTIWIRE * 
WYDIVISION 


KOLLMORGEN CORPORATION 


return the coupon below or call 
our nearest facility. 


 MULTIWIRE 
10 Andrews Rd., Hicksville, NY 11801 


CL) Please send me your 8-page brochure. 

(] Please send information on using Multiwire 
in ECL design. 

_) Please send more information about the 
Advanced Manufacturing Group. 

Please call me. 


City State Zip 


Name | 


MULTIWIRE/NEW YORK-31 Sea Cliff Ave., Glen Cove, NY 11542 (516) 448-1428; MULTIWIRE/NEW ENGLAND-4]1 Simon St., Nashua, NH 03060 (603) 889-00: 
MULTIWIRE/WEST 3901 East La Palma Ave., Anaheim, California 92807 (714) 632-7770; MULTIWIRE/ADVANCED MANUFACTURING GROUP 10 Andrews Rd., Hicksville, NY 11801 (516) 938-2000 


Visit The Multiwire Booth #528 At WESCON ‘83 


Multiwire is a U.S. registered trademark of the Kollmorgen Corporation. 
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Switchable input op amp 


A precision, low power op amp, the 
OPA201 has two switchable input stages. 
Switching function is controlled by a dig- 
ital TTL signal. Performance specs 
include 100-nV offset voltage, 1-~V/ °C 
max offset voltage drift vs temp, 25-nA 
bias current, and < 500-yA max current 
consumption. The op amp is suitable for 
instrumentation and data acquisition 
applications. It is housed in a 14-pin 
hermetic DIP. Prices, in 100s, range from 
$8.50 to $16.50, depending on grade. 
Burr-Brown Corp, Analog Products 
Div, PO Box 11400, Tucson, AZ 85734. 
Circle 347 


Analog to digital converter 


The MC14442 28-pin CMOs parallel bus- 
compatible ADC has a 32-machine cycle 
conversion and allows either 11 analog or 
6 digital inputs. Resolution is a full 8 bits 
with a relative accuracy of +'% LSB 
across voltage. The converter operates 
from a single 5-V supply and provides 
interface to the MPU data bus used by all 
M68XX family parts. It has a 32-ys con- 
version time at f,, = 1 MHz, TTL-compat- 
ible inputs, and is fully programmable. 
Parts are priced in 100s at $14.23 in 
plastic and $18.41 in ceramic. Motorola 
Inc, MOS Integrated Circuits Group, 
3501 Ed Bluestein Blvd, Austin, TX 
78721. Circle 348 


A 16K, 35-ns static RAM 


IMS1400-35 16K x 1 MOS static RAM has a 
35-ns access time and dissipates 660-m W 
max active power, 110-mW max stand- 
by. Manufactured with N-channel Mos, 
the device can compete with the more 
expensive and power-hungry ECL 
devices. The chip is available in plastic 
and ceramic DIPs and ceramic chip car- 
riers. Prices for the devices in 100-piece 
quantities are $23.50, $28.20, and 
$33.80, respectively. Lead times range 
from eight weeks for plastic and ceramic 
DIPs to 12 weeks for ceramic chip car- 
riers. Inmos Corp, PO Box 16000, Col- 
orado Springs, CO 80935. 
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Fast low power static RAM 

HM-65162 is an async 2K x 8 static CMOS 
RAM with access times as low as 55 ns. 
Control signals include chip enable, write 
enable, and output enable for micro 
applications. Standby power dissipation 
is 550 »W (100-uA standby current). 
Enable power supply currents are guar- 


anteed at 70/80 mA max. Gated address, 
data, and control line inputs eliminate 
pull up/down resistors. These inputs also 
lower the operating current. In quantities 
of 100 cercips, the chip ranges from 
$12.36 to $97.42. Harris Corp, Semicon- 
ductor Sector, PO Box 883, Melbourne, 
FL 32901. Circle 350 


Interface 
Spoken Here 


Put SSI's performance- 
proven, price-smart 
printer expertise to 
work for you 


Now SSI-—the industry's leading 
add-on printer supplier—makes 
its technological knowhow 
available to you. We've been 
seven years developing our 
interfaces, controllers, |/O 
structures. We have the broadest 


line and the best performance/ 
price equation you'll find. Con- 
trollers (including longline) for 
the complete DEC, Data General, 
Perkin-Elmer and TI lines. And 
others. The whole spectrum of 
serial interfaces, synchronous 
and asynchronous, with all the 
popular protocols. These are just 
a few examples. 


When it comes to interfaces, SSI 
speaks your language. Call us or 
mail the coupon for complete 
information. 


2841 Cypress Creek Rd. 
Ft. Lauderdale, FL 33309 
(305) 979-1000 (800) 327-5602 


Telex 522135 


Rush more info on SSI interfaces. Our 


major interest is 


Name 
Company 
Address 


City, State, Zip 


CIRCLE 
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SYSTEM COMPONENTS/ i") 82070 CCUITS 


Uncommitted array 

Model TMGs5001 uses low power, CMOS 
uncommitted array technology with high 
voltage open drain transistors. The 
monolithic array uses 5- to 10-V silicon- 
gate CMOS logic and 300-V lateral-DMos 
output transistors. The device contains 
338 uncommitted gates (169, 2-input and 
169, 3-input units) and 40 prewired flip- 
flops with eight open drain transistors. 


The transistors feature 750 Q ON resis- 
tance and 2-mA drain current, while the 
CMOS logic has a 5-ns (typ) gate delay. 
Additional array features are 18 CMOS or 
TTL buffers, and seven groups of P- and 
N-channel high impedance transistors. 
Inputs are TTL and CMos compatible and 
the 37 1/0 pads have static protection. 
Telmos Inc, 740 Kifer Rd, Sunnyvale, 
CA 94068. Circle 351 


SMART CRT 
CONTROLLER 
ON STD BUS 


Om Geu 


? Cubit’s new I/O Processor — 
controls a CRT, printer and keyboard 


Using an 8085 microprocessor with its own memory, 
the board frees your system CPU to race ahead of 
slower peripherals. Terminal-like commands permit 
easy communication between this smart controller 


and the host-processor. 


Bring distributed processing to your STD Bus system 
for $345 in single quantity. With stock to two week 
delivery, you won't have to wait long. 


Cu BIT INC. 


Division of Proteus Industries 


190 South Whisman Road, Mountain View, CA 94041 
Telephone: (415) 962-8237 


CIRCLE 147 


Synchronous PROMS 

The 63RS881A and 63RS881 PROMS provide 
clock-to-output times of 15 to 25 ns 
(worst case) and setup times of 30 to 35 
ns. An initialization feature allows 16 
programmable initialization words for 
flexible startup sequencing. These words 
can force or alternate interrupts, estab- 
lish a known state at power up, or return 
the CPU to a known state during 
operation. The PROMs contain an edge- 
triggered register to hold microinstruc- 
tion during operation and are arranged in 
a std 1024 x 8 array. Both devices are 
available in 24-pin ceramic Skinnydip 
packages. In quantities of 100 to 999, 
prices range from $22.05 to $30.45. 
Monolithic Memories, Inc, 2175 Mission 
College Blvd, Santa Clara, CA 95050. 
Circle 352 


Nonvolatile fuse link PROM 


Configured as 2K x 8, the HM-6616 is a 
CMOS 16K-byte fuse link PROM. The chip 
provides a 2716-type industry std compat- 
ible pinout to allow existing system 
upgrade where high speed and low power 
are critical. Onchip latches eliminate 
need for extended latches in nonvolatile 
memory design. The PROM uses the 
scaled SAJIIV CMOS process which allows 
high speed operation with a 120-ns chip 
enable access time. Polysilicon fuses for 
data storage provide permanent, stable 
storage over a wide temp range. A 24-pin 
cerDIP, slimline cerDIP, and 32-pad Lcc 
packages are available. In quantities of 
1000, prices range from $18 to $54. Har- 
ris Corp, Semiconductor Sector, PO Box 
883, Melbourne, FL 32901. 

Circle 353 


Three static RAM versions 


A 16K-byte CMOS static RAM is available 
in three different pinouts allowing inter- 
face options. Models CDM6116, CDM6117 
and cpM6118 differ in the function of pin 
20. On the 6116, the pin is an output 
enable that gates only the output buffers 
and not the input addresses. On the 6117, 
the pin is a chip select that deselects the 
memory device but does not inhibit pre- 
charge or power. On the 6118, the pin is 
a chip enable that gates the addresses and 
controls the device’s total power con- 
sumption. Devices have a max access 
time of 200 to 250 ns, and a max standby 
current of 30 to 100 pA. In quantities of 
1 to 99 pieces, prices range from $12.93 
to $14.85. RCA, Solid State Div, Rte 
202, Somerville, NJ 08876. 

Circle 354 


“If you want to do OEM 
computer business in the U.S., 
youd better go to the Invitational 
Computer Conferences in 
Boston, Dallas, Minneapolis, 
Orange County Washington, DC., 
Los Angeles, Ft. Lauderdale, 


...We do!” 


xperienced marketing manage- 

ment knows that the best way 
to reach the technical decision 
maker/buyer is to meet him where 
he lives and works, demonstrate 
operating equipment and provide 
him with the technical informa- 
tion he needs. Over the past 12 
years successful marketers have 
found the Invitational Computer 
Conferences to be the most cost- 
efficient, effective method of 
covering their U.S. computer 
industry customer base. 

The exclusive, one-day, OEM 
conferences will be held in ten 
major market areas throughout the 
United States and are attended 
by a select, invited audience of 
OEM's, systems houses and quan- 


Adaptive Data & 
Energy Systems 
Amcodyne, Inc. 
Amlyn Corp. 
Anadex Inc. 
Archive Corp. 
AVIV Corp. 
Braemar Computer 
Devices, Inc. 
Cipher Data 
Products, Inc. 
Control Data Corp. 


Cynthia Peripheral 
Corp. 

Dataram Corp. 

Digital Equipment 
Corp. 

Dysan Corp. 

EXO Corp. 

Fujitsu America, 
Inc. 

IBM Corp. 

Integral Data 
Systems, Inc. 


JOHN GILLIGAN, President 
Dataram Corporation 


tity end users. Guests can attend 
a variety of technical seminars 
and view operating displays of the 
newest computer and peripheral 
equipment. The informal setting 
makes it easy to meet with poten- 
tial customers one-on-one and 
the simple table-top displays keep 
exhibit costs at a minimum. 

Exhibit your products at the 
Invitational Computer Conferences 
with these top companies: 


International 
Memories, Inc. 
lomega Corp. 
KENNEDY 
An Allegheny 
Int'l Co. 
Maxtor Corp. 
MegaVault 
Micro Peripherals 
Inc. 
NEC Information 
Systems, Inc. 


Pertec Peripherals 
Corp. 

Pioneer Magnetics, 
Inc. 

Priam Corp. 

Printronix, Inc. 

Quantum Corp. 

Qume Corp. 

Raymond 
Engineering, 
Inc. 

ROSSCOMP Corp. 
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1983-1984 Series 


Sept. 13, '83 Newton, MA 
Sept. 29,'83 Minneapolis, MN 
Oct. 18, '83 Valley Forge/ 
Philadelphia, PA 
Washington, D.C./ 
Vienna, VA 
Houston, TX 
Dallas, TX 

Irvine, CA 

Ft. Lauderdale, FL 
Los Angeles, CA 
Palo Alto, CA 


Oct. 20, '83 


Nov. 8, ’83 
Nov. 10, ’83 
Jan. 9, '84 
Feb. 7, '84 
Feb. 28, '84 
Mar. 1, '84 


For more information call or write: 
B.J. Johnson 

& Associates, Inc. 
S151 Airway Ave. #C-2 
Costa Mesa, CA 92626 


= a 
(714) 957-0171 a or 


Universal Data 
Systems 

Vermont Research 
Corp. 

Vertex Peripherals 
Corp. 

Wilson Laboratories, 
Inc. 

World Storage 
Technology 

Wangtek 

Xylogics, Inc. 


Seagate Technology 
Spectra Logic Corp. 
Tabor Corp. 
Tandberg Data, Inc. 
Tecstor, Inc. 
THORN EMI 
Technology, Inc. 
Telex Computer 
Products, Inc. 
Trilog, Inc. 
3M Data Recording 
Products 


Why this magazine 
and more than 


900 others let us 


go over their books 
once a year. 


Some magazines, we're sorry to say, keep their 
readers undercover. They steadfastly refuse to let BPA 
(Business Publications Audit of Circulation, Inc.) or any 
other independent, not-for-profit organization audit their 
circulation records. 

On the other hand, over 900 publications (like this 
one) belong to BPA. Once a year, BPA auditors examine 
and verify the accuracy of our circulation records. 

This audit provides the name, company, industry and 
job title of every reader each publication reaches. The 
information helps advertisers to determine if they are 
saying the right thing to the right people in the right place. 

It also helps somebody else important: you. Because 
the more a publication and its advertisers know about you, 
the better they can provide you with articles and 
advertisements that meet your informational needs. 

BPA. For readers it stands for meaningful information. 
For advertisers it stands for meaningful readers. Business 
Publications Audit of Circulation, Inc. V 
360 Park Ave. So., New York, NY 10010. BPA 

We count, so your ads will. 
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Only one company 
under the sun i 
makes every type 

of peripheral 
controller for 

DEC* Computers. 


*TM Digital Equipment Corp. 


Available on GSA contract #GSOOK8401S5502 
THE WORLD'S LARGEST 
i INDEPENDENT MANUFACTURER 
SYSTEMS INC. 


OF COMPUTER INTERFACES. 


_ 1995 N. Batavia Street 
P.O. Box 5508 
Orange, California 92267-0508 
714-998-6900 TWX: 910-593-1339 
FAX: 714-637-4060 


Circle 149 for LSI-11 Circle 150 for PDP-11 
See them all together at DEXPO West Booth #115 


CALENDAR 


CONFERENCES 


OCT 31-NOV 3—Internat’l Conf on 
Computer Design: VLSI in Computers, 
Rye Town Hilton, Port Chester, NY. 
INFORMATION: IEEE Computer 
Society, PO Box 639, Silver Spring, 
MD 20901. Tel: 301/589-8142 


OCT-NOV—Invitational Computer 
Confs, King of Prussia, Pa: Vienna, Va; 
Houston, Tex; and Dallas, Tex; various 
dates. INFORMATION: B. J. Johnson & 
Assocs, Inc, 3151 Airway Ave, Suite 
C-2, Costa Mesa, CA 92626. 

Tel: 714/957-0171 


NOV 1-3—Federal Office Automation 
Conf, Washington Convention Ctr, 
Washington, DC. INFORMATION: 
National Council for Education on 
Information Strategies, PO Box N, 
Wayland, MA 01778. Tel: 617/358-5356; 
800/343-6944 (outside Mass) 


NOV 1-3—Symposium on Application 
and Assessment of Automated Tools 
for Software Development, San Jose, 
Calif. INFORMATION: Ez Nahouraii, 
IBM General Products Div, Programming 
Ed, 555 Bailey Ave, San Jose, CA 95150 


NOV 5-6—San Diego Computer Fair, 
Scottish Rite Ctr, San Diego, Calif. 
INFORMATION: Barbara E. Sack, San 
Diego Computer Society, PO Box 
81537, San Diego, CA 92138. 

Tel: 619/565-8720 


NOV 6-10—Conf on Robot Vision and 
Sensory Controls, Cambridge, Mass. 
INFORMATION: SPIE, PO Box 10, 
Bellingham, WA 98225. 

Tel: 206/676-3290 


NOV 7-9—Computer Security Conf, 
New York Penta Hotel, New York, NY. 
INFORMATION: Pat Michaud, Computer 
Security Institute, 43 Boston Post Rd, 
Northborough, MA 01532. 

Tel: 617/845-5050 


NOV 7-11—IECON (IEEE Conf on 
Industrial Applications of Mini and 
Microcomputers), Hyatt Regency, San 
Francisco, Calif. INFORMATION: 
Patrick P. Fasang, Siemens Corp, 105 
College Rd E, Princeton, NJ 08540. 
Tel: 609/452-7070 


NOV 8-11—Mini/Micro-West, Brooks 
Hall, San Francisco, Calif. 
INFORMATION: Jerry Fossler, 
Electronic Conventions, Inc, 8110 
Airport Blvd, Los Angeles, CA 90045. 
Tel: 213/772-2965 


NOV 8-11—Magnetism and Magnetic 
Materials Conf, Hilton Hotel, 
Pittsburgh, Pa. INFORMATION: R. W. 
Cochrane, Dept of Physics, Univ of 
Montreal, Montreal, Quebec, Canada. 
Tel: 514/343-7423 
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NOV 8-11—Wescon, Moscone Ctr and 
Civic Auditorium, San Francisco, Calif. 
INFORMATION: Jerry Fossler, 
Electronic Conventions, Inc, 8110 
Airport Blvd, Los Angeles, CA 90045. 
Tel: 213/772-2965 


NOV 14-16—Connectors and 
Interconnections Technology 
Symposium, Franklin Plaza Hotel, 
Philadelphia, Pa. INFORMATION: 
Electronic Connector Study Group, Inc, 
PO Box 167, Fort Washington, PA 
19034. Tel: 215/279-7084 


NOV 14-17—Autofact 5 Conf and Expo, 
Cobo Hall, Detroit, Mich. 
INFORMATION: CASA/SME Public 
Relations, PO Box 930, Dearborn, MI 
48128. Tel: 313/271-0777 


NOV 17-19—Northeast Computer Show 
and Software Exposition, Hynes 
Auditorium, Boston, Mass. 
INFORMATION: Northeast Expositions, 
Inc, 822 Boylston St, Chestnut Hill, MA 
02167. Tel: 617/739-2000; 800/841-7000 
(outside Mass) 


NOV 28-DEC 2—Comdex/Fall, Las 
Vegas Convention Ctr, Las Vegas, Nev. 
INFORMATION: The Interface Group, 
300 First Ave, Needham, MA 02194. 
Tel: 617/449-6600 


DEC 5-6—Internat’l Electron Devices 
Meeting, Washington, DC. 
INFORMATION: Melissa Widerkehr, 
Courtesy Assocs, 1629 K St NW, 
Washington, DC, 20006. 

Tel: 202/296-8100 


DEC 7-9—Realtime Systems 
Symposium, Crystal City Marriott, 
Arlington, Va. INFORMATION: IEEE 
Computer Society, PO Box 639, Silver 
Spring, MD 20901. Tel: 301/589-8142 


DEC 12-14—Computer Networking 
Symposium, Sheraton Hotel, Silver 
Spring, Md. INFORMATION: IEEE 
Computer Society, PO Box 639, Silver 
Spring, MD 20901. Tel: 301/589-8142 


DEC 15-17—Internat’!l Conf on 
Information Systems, Houston, Tex. 
INFORMATION: Maryam Alavi, Mgmt 
Dept, Univ of Houston, Houston, TX 
77004. Tel: 713/749-3727 


JAN 17-19—Mini/Micro-Southeast, 
Orange County Convention and Civic 
Ctr, Orlando Fla. INFORMATION: Kent 
Keller, Electronic Conventions, Inc, 
8110 Airport Blvd, Los Angeles, CA 
90045. Tel: 213/772-2965 


JAN 17-19—Southcon, Orange County 
Convention and Civic Ctr, Orlando, Fla. 
INFORMATION: Kent Keller, Electronic 
Conventions, Inc, 8110 Airport Blvd, 
Los Angeles, CA 90045. 

Tel: 213/772-2965 


JAN 31-FEB 2—Communication 
Networks Conf & Exposition, 
Washington Convention Ctr, 
Washington, DC. INFORMATION: Judie 
McDaid, Hajar Assocs, 280 Hillside Ave, 
Needham Heights, MA 02194. 

Tel: 617/444-3946 


FEB 21-23—Softcon, Superdome, 
New Orleans, La. INFORMATION: 
Peggy Kilburn, Northeast Expositions, 
822 Boylston St, Chestnut Hill, MA 
02167. Tel: 617/739-2000; 800/343-2222 
(outside Mass) 


FEB 22-24—ISSCC (IEEE Internat’! 
Solid-State Circuits Conf), 

San Francisco, Calif. INFORMATION: 
Lewis Winner, 301 Almeria, Coral 
Gables, FL 33134. Tel: 305/446-8193 


FEB 22-28—Imprinta (Internat’l 
Congress and Exhibition for 
Communications Techniques), 
Dusseldorf, West Germany. 
INFORMATION: Borman/Williams Inc, 
222 Park Ave S, New York, NY 10003. 
Tel: 212/254-5400 


WORKSHOPS 


NOV-FEB—Hands-on Pascal Workshop, 
Boston, Mass; Washington, DC; 

Los Angeles, Calif; and Palo Alto, Calif; 
various dates. INFORMATION: Ruth ~ 
Dordick, Integrated Computer Systems, 
6305 Arizona Pl, Los Angeles, CA 
90045. Tel: 213/450-2060 


NOV 7-8—IEEE Workshop on 
Languages for Automation, Chicago, III. 
INFORMATION: Shi-Kuo Chang, Dept 
of Electrical Engineering, Illinois 
Institute of Technology, Chicago, IL 
60616. Tel: 312/567-3401 


DEC 6-8—Software Maintenance 
Workshop, Naval Postgraduate School, 
Monterey, Calif. INFORMATION: Janice 
Thill, Code 54Ss Naval Postgraduate 
School, Monterey, CA 93940. 

Tel: 408/646-3212 


DEC 11-13—Computer Aided Graphic 
Arts and Visual Communications, 
Essex House, New York, NY. 
INFORMATION: Barbara Jeffe, 

Pratt Ctr, 505 White Plains Rd, 
Tarrytown, NY 10591. Tel: 914/631-8772 


Announcements intended for 
publication in this department of 
Computer Design must be 
received at least three months 
prior to the date of the event. To 


ensure proper timely coverage of 
major events, material should be 
received six months in advance. 
Programs and dates are subject 
to last minute changes. 
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The FDH-1 is available 
in a variety of different 
enclosures, including a 
sealed unit specifically 
designed for EMI/RFI sup- 
pressed applications. 


'Y) VERSITRON, INC. 


6310 Chillum Place, N.W., Washington, D.C. 20011, TEL: (202) 882-8464 
CIRCLE 151 TWX: 710-822-1179 


THE BEST 
JUST GOT BETTER 


The OB68K1A is an extremely powerful 
stand-alone microcomputer board designed 
to serve as a high performance upgrade for 
OMNIBYTE’s popular OB68K1 single board 
computer. It features: 


* 10MHz MC68000 16-BIT CPU 


* 32K/128K/512K-bytes of dual ported 
RAM 


* Up to 192K-bytes of EPROM 

* (2) RS232C serial ports 

* (2) 16-BIT parallel ports 

* A triple 16-BIT timer/ counter 

* (7) prioritized-vectored interrupts 

* Switch selectable memory mapping 


Quality, Reliability, 
Performance 


* Software/hardware selectable baud 
rate generator 


* Directly addresses 16M-bytes 
* Multibus/ IEEE 796 BUS compatbile 


The OB68K1A is a high performance single 
board computer designed as a direct 
replacement for our OB68K1. Enhance- 
ments include a 10MHz MC68000 CPU, 
hardware ram refresh circuit with zero-wait- 
state operation, 32K or 128K-bytes of ram 
(512K-bytes in fourth qtr., 83), up to 
192K-bytes of EPROM, and a low noise 
multi-layered design. Other features include 
(2) RS232C serial ports, crystal controlled 
baud rate generator (50-19.2K), (2) 16-bit 
parallel ports, a triple 16-bit timer/counter, 
and 24 address lines for directly addressing 
up to 16M-bytes. 


[iy [omer 


OB68K1® is a trademark of Omnibyte Corporation 
MULTIBUS® is a trademark of Intel Corporation 
MACSBUG® and MEX68K DM are trademarks of Motorola, Inc. 
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SOFTWARE SUPPORT 


A variety of software packages are available 
for the OB68K1A. They range from the op- 
tional MACSBUG monitor/ debugger to 
Realtime Executives and Target Operating 
Systems in silicon. Four commercial soft- 
ware manufacturers have complete operat- 
ing systems, including development tools 
and high level languages. 


FOR MORE INFORMATION ABOUT THE 
OB68K1A, ASK FOR OUR FREE 
SUMMARY SHEET OR SEND $10 FOR 
A DETAILED TECHNICAL MANUAL. 


Contact Sue Cochran, Sales Manager 


OMNIBYTE CORPORATION 
245 W. Roosevelt Rd. 

West Chicago, IL 60185 

(312) 231-6880 


LITERATURE 


Guide explains advantages of program- 
mable logic over fixed-function LSI/MSI 
and custom logic; it details a design 
problem, showing how equations are 


generated and translated into fuse 
tables, and how a PLA or IFL device is 
programmed and functionally tested. 
Data I/O, Redmond, Wash. Circle 410 


Microcomputer development data 
Manual supplies information on PIC 
architecture, instruction set, commonly 
used software routines, key application 
information, and development produc- 
tion cycles. General Instrument Corp, 
Microelectronics Div, Hicksville, NY. 
Circle 411 


Displays, switches, and keyboards 
Foldout outlines design and production 
capabilities of digital displays, touch 
switches, and keyboards. Refac Elec- 
tronics Corp, Winsted, Conn. 

Circle 412 


Minimizing DAC output glitch 
Application note describes and _illus- 
trates principal sources of unwanted 
transient energy and its effect on CRT 
displays, then examines how reconstruc- 
ting signal circuitry with a DAC and a 
deglitcher can improve display image. 
ILC Data Device Corp, Bohemia, NY. 
Circle 413 


Fiber optic journal 

Special issue of Innovators reprints 6 
articles on the basics and applications of 
fiber optic cables, connectors, and 
testing, as well as eye pattern testing in 
fiber optic systems. Write to Manager, 
Marketing Communications, Belden, 
2000 S Batavia Ave, Geneva, IL 60134. 


Electronic spreadsheet 

Leaflet provides specs and photos of the 
MegaCalc and its advanced worksheet 
and screen-splitting capabilities; stan- 
dardized language capability is also 
described. The Mega Group, Inc, Irvine, 
Calif. Circle 414 


Environmental test rooms 

Folder presents features and optional 
accessories for tailor-made temperature/ 
humidity-controlled walk-in rooms. 
Tenney Engineering, Inc, Union, NJ. 
Circle 415 


Quarter-inch drive 

Foldout specifies and describes features 
of the Qic-Stor Mark II QIC-2/24-compat- 
ible streaming tape drive, and includes a 
cutaway illustration of the drive’s in- 
terior mechanisms. Tandberg Data, Inc, 
Data Storage Div, Orange, Calif. 

Circle 416 


Integrated circuit interface 

Guide for interfacing Ics to peripheral 
power and display driver applications 
contains a list of current-sink and 
current-source drivers for use with vari- 
ous displays, inductive loads, and thermal/ 
electrosensitive printers. Sprague Elec- 
tric Co, North Adams, Mass. 

Circle 417 


Local area network 

Data sheet overviews the Cinchnet LAN, 
which interfaces directly to an IBM PC via 
an RS-232-C link; application note de- 
scribes no-polling access technique for 
124 primary automation controllers over 
4000’ at 28.8k baud. Inconix Corp, 
Natick, Mass. 

Circle 418 


Lighted pushbuttons 

Series KB and LB panel-mounted switches 
are featured in data sheet, including me- 
chanical drawings, specs, materials, LED 
and incandescent lamp choices, filters, 
diffusers, and standard mounting hard- 
ware. NKK Switches of America Inc, 
Scottsdale, Ariz. 

Circle 419 


Small impact printer 

Brochure profiles 16-column, panel- 
mounted NAP-16-I printers, giving specs, 
dimensions, and ordering information 
for BCD, RS-232-c, 20-mA current loop, 
and 8-bit parallel AsciI interface. 
Keltron Corp, Waltham, Mass. 

Circle 420 


Line monitor power conditioners 

Guide features electrical spike and noise 
suppressor units. SGL Waber Electric, 
Westville, NJ. Circle 421 


Computer peripherals 

Catalog covers specs and features for 
dot matrix printers, cartridge tape drives 
and storage systems, and tape communi- 
cation terminals; specific sections are 
devoted to high density tape drives and 
data loaders/loggers with RS-232 and 
ARINC compatibility. North Atlantic 
Industries, Qantex Div, Hauppauge, NY. 
Circle 422 


Software packages for VAX 

Digest on the Abaqus approach to 
advanced engineering analysis gives appli- 
cations and discusses architecture; soft- 
ware referral catalog abstracts over 700 
additional VAX engineering applications. 
Digital Equipment Corp, Marlboro, Mass. 
Circle 423 


Analog-digital interface 

Application note explains interrupt- 
driven data transfer scheme for an 8080/ 
8255-based microprocessor data acquisi- 
tion system. Teledyne Semiconductor, 
Mountain View, Calif. 

Circle 424 


Small-signal transistors 


Small-signal transistors 

Data book presents technical informa- 
tion for bipolar and field-effect transis- 
tors, with package outline drawings; 
plastic-encapsulated, microminiature, 
metal, multiple, and rf versions are 
covered. Motorola Semiconductor Prod- 
ucts, Inc, Phoenix, Ariz. 

Circle 425 
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The industry’s fastest 
Multibus* memory boards 
(and the quietest) are at work. 


$1180 512K Dynamic RAM, 
Parity Only 100-249 quantity. 
$1475 512K Dynamic RAM, 
with EDC 100-249 quantity. 


The new 128K-2MByte 
Dynamic RAM Boards from 
Central Data. 


e Parity Only or Error Detection/Correction 
(EDC) versions 

e High-Reliability Sockets with built-in 
decoupling capacitors 

e 4- and 6-layer construction 

e 230ns and 265ns access time 

e Upgradable to 2 MByte on one board 


Engineered for you 

You told us that you wanted more speed and 
fewer noise problems from a complete line of 
Dynamic RAM boards. Central Data’s EDC 
and Parity Only boards deliver just that and 
more. Our primary design objectives were 
speed and reliability, and we’ve achieved that 
by the unique combination of features engi- 
neered into these boards. 


Spectacular speed 

We can provide you with the fastest board 
available today. Our use of Garry Sockets™ 
has saved 12% of the board space, allowing 
room for a discreet RAM Controller that 
delivers incredible speed. In addition, the 
critical timing paths and the RAM array 
drivers are almost exclusively comprised of 
FAST IC’s which provide up to 30% more 
speed. 


Quality from the inside out in a full line. 


CIRCLE 170 


High noise immunity 

Dynamic RAM Boards are especially suscep- 
tible to noise problems. It is therefore essen- 
tial that a heavy power and ground plane be 
run throughout the board and that an ade- 
quate number of bypass capacitors be used. 
Central Data’s Dynamic RAM Boards have 
4-layer and 6-layer construction, with at least 
2 of the internal layers dedicated to power 
and ground. 


Enhanced reliability 

Our extensive use of Garry High-Reliability 
Quiet Sockets is one reason these boards 
stand out from the rest. They provide a 40% 
reduction of RAM associated noise as com- 
pared to any other conventional means of 
decoupling. Quiet sockets are used for the 
RAS, CAS, WE and address driver IC’s to the 
RAM array and for all Dynamic RAM chips. 
Their machined pin “swiss screw’’ mecha- 
nisms eliminate failures from poor mechani- 
cal connections. They also allow field 
upgrading to the 256K RAM chips for a 
2Mbyte Multibus Dynamic RAM Board. 


Quality from the inside out 

A tough Vacrel** coating totally encapsu- 
lates all fine-line circuits and protects the 
board from handling abuse. And like Central 
Data’s full line of Multibus boards, these new 
Dynamic RAM boards pass the industry’s 
most rigorous diagnostic testing and burn-in 
before they’re delivered to you. 


You'll find these quality features and more on 
the new 128K-2MByte Dynamic RAM Boards 
from Central Data. This commitment to 
performance, quality and reliability is the 
reason more and more successful OEMs are 
depending on Central Data as their complete 
Multibus source. Make Central Data your 
choice—call or write today for more infor- 
mation on our full line of quality Multibus 
boards. 


Central Data 


Central Data Corporation 
1602 Newton Drive 
Champaign, IL 61821-1098 
(217) 359-8010 
TWX 910-245-0787 


*Multibus is a trademark of the Intel Corporation. 
**Vacrel is a trademark of the DuPont Corporation. 


YOUR ONE STOP SUPERMARKET 


FOR CARD READERS... 


Whether you need optical, static or 
magnetic stripe...hand operated, 
end loading, side loading, card cap- 
ture or badge readers, Vertel has 
the product to read it, write it or 
validate it. 

No other manufacturer can make 


JERI 


this offer because no one else has 
so broad a line with so many fea- 
tures and options. No matter how 
you buy them — as complete, 
ready-to-use units with electronics 
or as individual components — our 
wide range of card readers will give 


on all our units. 


23 Carol St. 


Send for our new data pack 
with technical information 


/ERTIEL 


you the excellent performance and 
reliability for which we are noted. 
Use them anywhere — from auto- 
mation and remote data collection 
to access control and banking 
applications. 


Vertel now manufactures and markets 
card readers which were formerly 
products of AMP Incorporated. 


Clifton, N.J. 07014 @ 201-472-1331 


SEE US AT WESCON—BOOTH #3505 
CIRCLE 154 


Has been. 


Will b 
I e. 
The Tektronix 4027 Color Graphics Terminal | Highway, Pennsauken, NJ 08109. Or call 1-800- 
has been understandably famous. DMC-CORP. (In New Jersey: 1-609-665-5400.) 
It features high-quality, dot-addressable : ' 
graphics, and readily available application pack- 
ages using Plot 10 software. 
The Datamedia ColorScan has these features, 
too. (And what's more, it takes up less space, = | 
and its display is comfortably brighter.) SST ae 
Indeed, the ColorScan emulates the 4027 in DATAMEDIA 


almost every respect except price. It costs up to 
30 percent less — a distinction that will make the 


ColorScan very famous, very soon. =———SSSS= Getting Business 
Write Datamedia Corporation, 7401 Central SSS Computing Together. 
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REAL-TIME COMPUTING 

With Applications to Process Data 
Acquisition and Control 

By Duncan A. Mellichamp 


Become expert at controlling and monitor- 
ing a wide variety of EDP processes. Real- 
Time Computing shows you how to design the 
best system for specific applications, effective- 
ly manage each system, and use sampled-data 
mathematics to design and analyze computer- 
controlled processes. It explains the use of 
multitask programming, multiple computer 
systems, and hierarchical configurations. 
$39.50 Circle 455 


HOW TO ORDER: 


15-DAY FREE EXAMINATION 
(U.S. AND CANADA ONLY) 

Simply circle the appropriate num- 

ber(s) on the Reader Inquiry Card at 


the back of this magazine. 

Your book will be sent to you for your 
15-day free trial. If you are satisfied, 
keep the book and an invoice will 
follow. Otherwise return the book by 
the end of the 15-day period, and owe 
nothing. 
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Operating Systems 
A Pragmatic Approach by 
Harry Katzan 


Computer pro Harry Katzan provides here 
authoritative coverage of the construction, 
functions, and terminology of operating sys- 
tems. He fully explains such areas as dynamic 
loading and address translation, use of public 
and private storage, and virtual memory, data 
sets, and access methods. ‘‘A valuable addition 
to any computing library.” 


374 pp, 6 x 9, $10.95, February Circle 456 


With applications t »data 


acqastion’ andcontrol 


Edited by 


Duncan A. Mellichamp 


a ial 


esigsners Bookcas 


Algorithms for Graphics and Image 
Processing by Theo Pavilidis 


Technological developments over the past ten 
years have made computer graphics and image 
processing by computer popular. Contained in 
this book is an indepth treatment of pictorial 
information processing by computer, 
including computer graphics, computer image 
processing and pictorial pattern recognition. 
An ideal reference source for students, indus- 
trial employees and advanced hobbyist. 

Computer Science Press, 1982, 416 pages, ISBN 
0-91489465-X, $26.95. Circle 457 


ALGORITHMIC PROGRAM 
DEBUGGING 
by Ehud Y. Shapiro 


This book formulates and explores a potentially 
productive new subarea of computer science 
that combines elements of programming lan- 
guages and environments, logic, and inductive 
inference. It devises a theoretical framework 
for program debugging and develops tech- 
niques that will partly mechanize this activity. 
In particular, it formalizes and validates algo- 
rithmic solutions to finding and then fixing 
program bugs. 


232 pages, 8 illus., $30.00 Circle 458 


AREA-EFFICIENT VLSI 
COMPUTATION 
by Charles E. Leiserson 


The microelectronics revolution has obliterated 
the traditional distinctions between hardware 
and software. The complexity of very large scale 
integrated (VLSI) circuits has become so great 
that each integrated circuit chip is a compli- 
cated system. The award-winning research re- 
ported in this book shows how techniques of 
algorithm design, which are usually applied to 
software programs, can be applied directly to 
the design of VLSI systems. 


136 pages, 41 illus., $22.50 Circle 459 


Intecolor VHR-19 challenges 
Tektronix with 1024x1024 
resolution, PLUS COLOR, and at 
less than half the price! 


Comprehensive Graphics Capabilities: 1024 x 1024 workspace; 1024 x 
768 displayable; 4096 x 4096 virtual addressing for extended Tektronix 
4014 compatibility. High-level graphics primitives, including polygon fill. 
Bit-mapped 19” screen. Three dot-addressable bit planes. Separate alpha- 
numeric plane. Hardware pan and zoom. Expanded peripheral support 
Simple menu set-up. Host programmable function keys. 

Fast Response: 2.5 million pixels/sec. direct screen memory access port 
Industry Standard Protocol: ANSI X3.64/VT100 command protocol. 
Compatibility: VT100, TEK 4010/4014/4014-1 and enhanced Intecolor 
8001R 

Raster Color: Palette of 4,096 colors, 8 concurrently displayable 
Advanced Processor Design: Three graphics processors (7220D-1); 
separate alphanumeric processor; plus terminal processor (Z80) and 
keyboard processor. 

*100-piece OEM price and single-unit introductory price through 12-31-83; includes 
color monitor, graphics display processor and keyboard. Trackball is optional at $330. 
U.S. Domestic prices. 


From the same company that pioneered the world’s first micro- 
processor-based color terminal (Intecolor 8000) way back in 
1973. And the same company that continually leads the color 
graphics industry with new product innovations. NOW, a bold, 
new addition to the fastest growing area of the industry: 
Intecolor VHR-19 high resolution graphics workstation. 

If you need more than a graphics preview terminal, but less 
than a turnkey CAD system, the VHR-19 delivers an unprece- 
dented price/performance ratio. With an advanced design 
graphics display processor. With fine image detail and high- 
level resolution. Fe , 
And, with an intro- | | C | 
ductory, single pack- <li’ ial eco or 
age price of $3,995. AN INTELLIGENT SYSTEMS COMPANY 


Intecolor Drive, 225 Technology Park/Atlanta, 
Unbeatable. Norcross, GA 30092, 404/449-5961, TWX 810-766-1581 
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Fiber? 
See Valtec early. 


See us first. We've a full line of optical data cables—simplex, duplex, 
multichannel—using standard 50/125 or large core high NA fibers. Come 
to us for assistance with your fiber and cable specifications. We will 
deliver the data cable best suited to your application. 

For details in a hurry use the coupon, even faster call (617) 835-6082. 
Valtec, West Boylston, MA 01583. Telex 92-0355. 


_ ne Eee ees 


Tell me more about: 
i C) Valtec Simplex Data Cables C) Valtec Pre-terminated Data i 
C) Valtec Indoor Duplex Data _ Cable Assemblies 
Cable CO) Valtec LC10 Large Core, High 
O) Valtec Ruggedized Duplex NA Fiber 
Data Cable (1) Valtec 50/125 Micron Fiber 
5 C) Valtec Multichannel Data C) Seeing a Valtec Sales Engineer f 
Cable 
ij Name j 
H Title Department i 
Company 
i Address 4 
k City State Zip r 
Telephone VALTEC 
H Mail to: NS A 
Valtec, West Boylston, MA 01583 A Subsidiary of U.S. Philips Corporation J 
ae DS GREW Gite: SRR caiiel ee CO lee RE RO Or 
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SY Sy EW BSH ON GASE 
CIR CINE 5 CAL 


for rates and information Shirley Lessard 


(800)225-0556 
in MA 486-9501 


STD-BUS 8088/8087 CPU 


The model 8887 CPU offers high perfor- 
mance computing at a cost effective price 
(from $325). The 8087 multiplies two 
64-bit numbers in 27 usec and is compatible 
with the IEEE floating-point format. The 
8887 is STD-8088 compatible (memory 
addressing to 1 megabyte is supported). 
EPROM and RAM boards are also available. 
All products are in stock. SYSTEK, Suite 
222, 6515 W. Clearwater Ave, Kennewick, 
| WA 99336. Tel: (509) 586-9114. 


CIRCLE 476 
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7BX-348 CLOCK/CALENDAR 
MULTIMODULE 


Provides seconds, minutes, hours, day, date, 
month and year to host single board com- 
puter. Accuracy 5+ seconds/month. On 
iSBX compatible single-wide ZBX module 
with lithium battery backup. Estimated life: 
10 years. RMX-86 human interface applica- 
tion program available. $311 with prepay- 
ment, 25 piece price. Ask about further 
quantity discounts. ZENDEX CORPORA- 
TION, 6644 Sierra Lane, Dublin CA 94568. 
Tel: (415) 828-3000, TWX 910 389 4009. 
*RMX, Multibus and Multimodule are trademarks of Intel 


Corp. CIRCLE 479 


LOW EMI AC DIP RELAY 


Teledyne’s 645V meets FCC and VDE 
stds. Features 3.8 to 32V input and TTL 
logic compatibility, up to 1 amp switching 
at 250VRMS, back to back SCR output, 
low leakage current of 1mA RMS, 
3750VRMS VDE level optical isolation, 
low insertion factor of +1.5V, high noise 
immunity, and virtually no switching tran- 
sients. $6.35 ea for 5000 pcs. TELEDYNE 
RELAYS, 12525 Daphne Ave, Hawthorne, 
CA 90250. Tel: (213)777-0077 
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NEW ENHANCED SL-800e SERIES 


=a —” 
LOW COST ANALOG & DIGITAL 1/0 

FOR DATA ACQUISITION AND CONTROL 
Requires no bus interfacing. Operates with any computer 
via RS-232-C/RS-423 at user selectable (300-9600) 
baud rate; completely transparent to host when idle. 
Easy to use commands can be implemented in assembly 
or any high level language. FEATURES: 16 Analog inputs 
(.1, 1, 10V Ranges) 12-bit res. * Autorange or Program- 
mable * 2 Analog outputs (12-bit res.) © 8 Digital inputs & 
8 Digital Outputs (expandable to 40 lines total) ¢ Local 
Data Storage (1600 Measurements) Real Time Clock © 
AC Power Supply. PRICES from $995. (Qty 1) Board 
Level. $1895. (Qty 1) Rackmount or Tabletop Configu- 


ration. SERIAL LAB PRODUCTS INC, PO Box 766, Marl- 
boro, MA 01750. Tel: (617) 481-1684. 
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68000 ‘VERSABUS'™ SUPER BOARD 


8, 10, 12MHz OPERATION—NO WAIT 
STATES 

256K DUAL PORT RAM W/BYTE PARITY 
ON-BOARD OPTIONAL MMU | 

64K ROM, 2 FLEXIBLE SERIAL PORTS, 
BUFFERED PARALLEL PORT, TIMERS, 
POWERFUL INTERRUPT STRUCTURE 
‘SASI’™ BUS DISK/TAPE INTERFACE 
FULL VERSABUS IMPLEMENTATION 
RUNS UNIX, ADA, PASCAL, CP/M 68K 
COMPLETE STAND ALONE, OR MULTI- 
PROCESSOR SYSTEM 

BRI, 748 Cascadilla St, Ithaca, NY 14850. 
Tel: (607)273-3300. 


CIRCLE 478 


WIREMASTER 


Whip your wire wrap 
and PC layout 
problems with 
WIREMASTER 


WIREMASTER is a software tool for design, 
layout, and assembly of hardware. Your 
schematic is fed to WIREMASTER, which 
produces network maps, cross-references, 
wire and parts lists, and debug checklists. 
CHANGEMASTER keeps track of fixes and 
updates. PLOTBOARD and PRINTBOARD 
give pictures of the layout. Post-processors 
for wirewrap machines available. Runs on 
8 and 16 bit CP/M, CDOS, and MSDOS. $195. 


AFTERTHOUGHT ENGINEERING 7266 Court- 
ney Dr., San Diego, CA 92111, (619) 279-2868. 
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MAGNETIC SHIELDS & 
MATERIALS 


Magnetic shields for storage, photomulti- 
plier and cathode ray tubes, ESCA, auger 
spectrometers, special applications. 
Design, engineering, production services. 
Materials available in sheets or coils for 
forming your own shields. Also preserver 
cases for magnetic tape. Catalog, 
Designer's Reference MUSHIELD CORP, 
121 Madison St, Malden, MA 02148. Tel: 


(617)321-4410. 
CIRCLE 482 


VMEbus 68000 


BOARDS and SYSTEMS 


0) 1V-1600 SBC - SYSTEM FOUNDATION MODULE w/ 
12 MHz 68000, 256K DUAL PORT RAM, ROM, SIO, 
PIO, RTC, SASI BUS 


OW - 1611 - 512K/256K RAM w/ BYTE PARITY 
0 IV - 1622 - IEEE 488 INTERFACE 
0 IV - 1650 - COLOR GRAPHICS DISPLAY SYSTEM 


0 IV - 1600/D - COMPLETE DEVELOPMENT SYSTEM w/ 
UNIX, CP/M 68K, ‘’C’’, PASCAL, FORTRAN, BASIC, 
5%’ WINCHESTER, FLOPPY, in DESK-TOP or 
RACK-MOUNT 


1 BOARDS and SYSTEMS AVAILABLE NOW!! 


IRONICS INCORPORATED 
117 Eastern Hts. Drive —_— P.O. Box 356 
Ithaca, NY 14850 (607)277-4060 
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Single Board Computer 


ME ae 


\ 

: prisinithrnnnofpecniedirsoved tied a * es 
6809 MiPU. 2’serlal ports, 4 pardilel parts. waa 
EPROM, real-time clock, watchdog timer, 44-pin' 
4.5° « 6.5” PCB : 

EXPANSION MODULES: RAM, EPROM, CMOS RAM/ 
battery, analog |/O, serial 1/O, parallel !/O, counter/ 
timer, IEEE-488, EPROM programmer, floppy disks, 
cassette, breadboard, keyboard/dispiay. 


Wintek Corp. 
1804 South Stre 
toyota oe 
347-742-8428 
CIRCLE 488 
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FLOPPY DISK CONTROLLER 
FOR S-100 (IEEE-696) 
SYSTEMS 


Disk Master™ by Seattle Computer con- 
trols as many as four 8” and four 5.25” flop- 
py disk drives simultaneously, in any com- 
bination. It can be configured for virtually any 
floppy disk drive on the market. The Disk 
Master based on the 1793 disk controller 
chip. It is fully IEEE-696 compatible and can 
be used with CPU’s operating to 10 MHz. 
Single quantity: $325.00. Dealer and OEM 
inquiries are invited. SEATTLE COMPUTER 
PRODUCTS, INC, 1114 Industry Drive, 
Seattle, WA 98033. Tel: (800) 426-8936. 

CIRCLE 483 


ARRAY PROCESSORS, 
SINGLE BOARD 


Single board array processors for Multi- 
bus* computers. Key features include: 
Dual Port Access—to both program and 
data memory; Speed—16 million opera- 
tions per second; Memory Mapped—4k by 
48 bit program memory and 8K by 24 bit 
data memory; Standard Routines—for 
FFTs, PSDs, correlations, deconvolutions 
and digital filtering; Versatile—other rou- 
tines may be developed using Marinco’s 
MARASM assembler; Interger and Full 
Floating Point operation. MARINCO COM- 
PUTER PRODUCTS, 11760 Sorrento 
Valley Rd, San Diego, CA 92121. Tel: 
(619)453-5203, TLX 69-7901. 


*InTEL™M 
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ATTENTION BIG BOARD USERS! 
WHY USE OUTDATED TECHNOLOGY? 


INSIGHT ENTERPRISES 
IS NOW DELIVERING A NEW 
STATE-OF-THE-ART CP/M Z80-A 
SINGLE BOARD COMPUTER 


=. 
——— fi 


Nideenttes cee een 


On board video * 128K of Dynamic RAM and 4K of STATIC (video mem- 
ory) * DMA # SASI (hard disk interface) # Floppy disk controller (4 drives 
any combination of 5-1/4” or 8") © 4 serial ports « Full Centronics 
printer port * Expansion bus ® Wide line and thin line graphics * 
Extended track buffer « Printer buffer * Fully interrupt driven « Parallel 
or Serial keyboard * Compact Size (8x14 inches) 


$750.00 single quantity OEM pricing 2-4 weeks delivery $10.00 shipping 


INSIGHT ENTERPRISES CORPORATION 
373 N. Western Ave., Suite 12 Los Angeles. CA 90004 (213) 461-3262 


Dealer, OEM, International inquiries Welcome 
MANUFACTURING LICENSES ARE AVAILABLE WORLDWIDE UPON REQUEST 
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64k STATIC RAM FOR S-100 
(IEEE-696) SYSTEMS 


The fully static design makes it easy t 
interface Seattle Computer’s 64k Stati 
RAM board with a variety of CPU and DM/ 
devices in IEEE-696 systems. High-spee: 
(85 ns) RAM chips enable operation t 
10 MHz with no wait states. Board can b: 
used as either 8- or 16-bit wide memory 
48k, 32k, and 16k OEM versions are avail 
able. Single quantity: $495.00. Dealer an 
OEM inquiries are invited. Tel: (800 
426-8936. SEATTLE COMPUTER PROD 
UCTS, INC, 1114 Industry Drive, Seattle 


WA 98188. CIRCLE 484 


COMPUTER DESIGN'S eat 
HOTLINE 
AMAACTION== 
‘ARDS 
A NEW AUDIENCE 


MORE HOT SALES LEADS... 


Computer Design’s Hotline Action Cards 
are mailed to a special list of 65,000 
readers including the most recent inquirers 
to our new product editorial items. Rates 
start at $895 per card. If yourun 2 or more 
cards in Computer Design’s regular Direct 
Action Card Mailings your Hotline Card 
costs only $795.00—A $100 saving! 
Closings: May 21, August 21, October 21. 
Contact Shirley Lessard, COMPUTER 
DESIGN, 119 Russell St, Littleton, MA 
01460. Tel: Toll Free (800)225-0556. 
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MULTIBUS™ INTERFACE & PROTOTYPE 
Prototype QUICKLY and EASILY. 100% of 
Multibus interfacing circuitry included. 
20-bit Address, 8/16 bit Data. Delivery 
from stock. Model # PR 100A, price: 
$355.00. ELECTRONIC SOLUTIONS, 
9255 Chesapeake Dr, San Diego, CA 
92123. Tel: (800) 854-7086, in Calif. 
(619) 292-0242, TLX 910-335-1169. 


Multibus /M Intel Corp. 
CIRCLE 490 


SPEECH-TI EXPANSION MODULE 


Add speech to your expansion bus system. 
@ Uses the TI-5220 chip and employs LPC-10 | 
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Direct Action 


POSTAL MAILERS 


)W COST POSTCARD MAILINGS 


2re’s a way for your company to test 
:w product acceptance, offer catalogs, 
id new applications, or support ongoing 
oduct lines. Computer Design’s POSTAL 
AILERS go to our 74,000 domestic sub- 
ribers 4 times each year. Rates start at 
395 per card and go down with fre- 
rency. Next closing October 21, 1983. 
ontact Shirley Lessard, COMPUTER 
ESIGN, 119 Russell St, Littleton, MA 
1460. Tel: Toll Free (800)225-0556. 
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eXchanger 


CP/M<—— ISIS 


Emulator 


Now move files and programs between your CP/M-80 system 
and your Intel Series | or Il MDS! The ICX package provides 
complete bidirectional file conversion capability, and even 
allows execution of ISIS-Il programs under CP/M using the 
ISE emulator. The ICX Package is composed of the following 
two programs: 

1cxX A Deluxe bidirectional file conversion utility which 
works with your CP/M system and an 8" floppy drive to provide 
complete manipulation of an ISIS-II diskette, Takes directories 
deletes files, and even initializes a blank disk with the ISIS file 


TAPS 0000-160—2.56 
0.30 UNM—1.40 UNM 


SCREWS 0000-160—2-56 
0.80, 0.90, 1.00, 1.20 UNM 
POPULAR HEAD TYPES AND 


LENGTHS IN BRASS AND STAINLESS 
STEEL. OTHER ITEMS TO ORDER 


GAGES 0000-160—2-56 
0.30 UNM—1.40 UNM 
PRECISION GROUND PLUG GAGES. 


FROM STOCK 


WRITE FOR FREE CATALOG OR CALL 617—764-4394 


J. 1. MORRIS CO., SOUTHBRIDGE, MASS. 
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Personal computer users: 


FOR FREE 
ACCESS TO A 
BETTER JOB 
CALL CLEO. 


techniques. 


Generation of speech from 206 word on-board 


ROM or unlimited vocabulary via CP pro 
data. 

Includes on-board LPF, 2 watt audio am 
and volume control. 

Provides natural sounding voice to indu 
OEM products and laboratory applications. 
Quantity 1 price $285, available from sto 
30 days. 


vided 
plifier 
strial 


ck to 


igt| General Digital Corporation 


700 Burnside Avenue, E. Hartford, CT 06108 


(203) 528-9041 


Expansion modules for all requirements 


TRIPLE OUTPUT DC POWER SUPPLIES 


The Leader LPS-151 and LPS-152 are 


structure. Complete C source included. $89 (213) 618-8800 (408) 294-2000 two new triple output, dc power supplies 
Joc OU sees Rata tialis aah ol haley (415) 482-1550 (714) 476-8800 featuring individual voltage and current 


monitor calls makes your CP/M micro look like an MDS! 
Supports banked memory. Complete MAC source included $89 


Complete ICX Package (ICX & ISE) $175 


Supplied on Single Density 8" Disk 
P/M Digital Research, Ir intel Cor 


LA Wester Wares 


(619) 224-8800 
Standard ASCII code 
Vecess assistance 
213) 618-1525 


CLEO 


meters, independent adjustable current 
limiting, automatic overload recovery and 
auto tracking. Adjustable output voltages: 


Oto6V,Oto +25VandOto 


25 Vdc. 


LPS-151 list price $395; LPS-152 $495. 


Available from stock. 


LEADER INSTRUMENTS CORPORATION 


Box C 
MW 380 Oser Avenue, Hauppauge, N.Y. 11788 
Norwood CO 81423 Computer Listings of Employment Opportunities (516) 231-6900 
(303) 327-4898 ILEADER| TOLL FREE 
. instruments Corporation 800-645-5104 
CIRCLE 494 CIRCLE 496 


LOW COST ADVERTISING 


You can market your products to over 
90,000 systems builders 


* Hardware 
* Software 
* Services 
* Consulting 


For only $595.00 your ad will be typeset, 
laid out, and appear in this space. Sales 
leads will automatically be sent to you as 
we receive them. 


Start today! Call Shirley Lessard for details 
on how to start a low cost advertising pro- 
gram. Your sales results will tell you that it 
is the best decision you have ever made. 


10809 STD BUS SINGLE CARD 


COMPUTER/CONTROLLER 


uses 6809 (E)MPU. Provides cost effective 
multicard capability—2K CMOS RAM may 
be battery backed (power fail/interrupt on 
board), sockets for 28 pin EPROM/EEPROM, 
RS232/423 serial I/O, 32 lines parallel I/O, 
4 timers. Other 10000 SERIES MICROCOM- 
PUTER MODULES include 10812 6502 
SCC/C, 10764 Universal Non-volatile 
Memory, 10701 Non-volatile RAM. Custom 
design/mfg. to your requirments. Call today. 


THE $49.00 LINE DRIVER! 


NOW AT A GREATLY REDUCED PRICE— 


The Bo-Sherrel M-3 Asynchronous 


Line 


Driver provides full duplex Data Transmis- 
sion over regular 4-wire lines. It is end-to-end 


compatible with our new M-1A Short 


Haul 


Modem, but requires power from the at- 
tached terminal. CONTACT: BO-SHERREL 
COMPANY , 36133 Niles Blvd, Fremont, CA 
94536. Tel: (415) 792-0354. Quantity dis- 
counts available. CIRCLE 499 


ENTERPRISE SYSTEMS CORP, Box 698 
Dover, NH 03820. Tel: (603) 742-7363. 


SINGLE CARD COMP/CONTROLLER 
CIRCLE 498 


COMPUTER DESIGN 
(800)225-0556 (Outside Mass) 


(617)486-9501 
CIRCLE 497 
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Now Adaptive Data Offers XEBEG141 
Users a Better Choice: 


Our Winchester disk controllers 


offer a better interleaving capability, 
resulting in better systems through- 
put than XEBEC’s controllers. 

That's because our controllers 


have one-to-one interleaving. In other 
words, the ability to read every sector 


on the disk in just one pass. Just 
One quick revolution of the media. 


So that means that your system 


will have the option to access the 
data from the disk at a faster rate. 
Because our controllers will read the 
data into an on-board buffer in just 
One revolution. And then give it to 
you at a speed you specify. 

Don't suffer greater penalties 
than necessary just because your 
present computer is slightly slower 
than the disk’s speed. With our 
controllers, you won't suffer at all. 

Depending on your needs, we 
supply you with on-board buffers of 
various sizes. We have anywhere 
from 1k to 8k byte buffers for you to 
choose. 


And if that isn’t enough to 
convince you, then consider that we 
support the new higher performance 
disk drives having from eight to 16 
heads. What's more, our controllers 
have standard ST 506 mounting 
holes, as well as, mounting holes 
compatible with XEBEC’s 1410. 

We also support and have a 
complete family of SCS! compatible 
disk controllers. 

Now if you're wondering how 
our performance got so far ahead, 
there's a good reason. It’s beause 
we're systems people building 
contollers.We understand your 
price/ performance needs. That's why 
we even test our controllers in a full 


microcomputer environment under an 
operating system. 

We think you'll agree that users 
won't mind paying slightly more for 
all these features. After all, in today’s 
competitive systems race, the critical 
factor for success is the user's per- 
ception. Performance, when meas- 
ured by the user, is his perception 
of throughput. And that measure is 
as much a function of the controller 
as that of the CPU. 

So call today toll free at (800) 
824-0114 to learn how you can give 
your systems the decisive edge. 
We're standing by to introduce you to 
your next choice in disk controllers. 


|ADES 


Adaptive Data & Energy Systems 


2627 Pomona Blvd. Pomona, CA 91768 714/594-5858 


CIRCLE 158 


Floppy Disk Drives 


TE AC FD-55 


Series 


AT 15” HIGH, TEAC FD-55 SERIES 5 1/4” FLOPPY DISK 
drives use half the space and run cool at half the 
power of conventional drives. High-reliability, low- 
noise brushless DC motors provide an MTBF of over 
10,000 hours, backed by a one-year parts and labor 
warranty. 


FD-55A FD-55B FD-55E FD-55F 

© 48tpi © 48tpi © 96tpi © 96tpi 

e 40 track ¢ 40 track © 80 track ¢ 80 track 

e 250KB ¢ 500KB e 500KB eiMB 
esingleside edoubleside esingleside double side 


Power Requirements: 
DC +12V +5% 0.3A typical, 0.7A max. 
DC + 5V +5% 0.5A typical, 0.7A max. 


Phone, write or wire TEAC Corporation of America for 
complete technical data, price and delivery. 


TEAC Corporation of America 
Industrial Products Division 
7733 Telegraph Road 
Montebello, CA 90640 
213/726-0303 


TEAC, 


© 1982 TEAC Corp. 
MP82501M 
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THE 


COMPUTER PROFESSIONALS 


COMPUTER CAREER 
CONNECTION... 


The computer is at the heart of all modern defense systems, and 
Norden’s militarized mini- and micro-computer systems are leading 
the way. 

Norden Systems supplies the military version of the PDP-11 com- 
puter family developed by Digital Equipment Corporation, and now 
Norden is designing the MIL VAX and Rugged VAX computer family 
with 32-bit architecture. As well as developing the command, control 
and communications system for the Peacekeeper Missile System. 

Our Data Systems unit, part of United Technologies’ growing 
Norden Systems subsidiary, is expanding to handle multiple long-term 
contracts. You can be one of the nucleus of professionals who will grow 
with this advanced facility. 

We're asmall organization that can offer you the benefit of a high- 
visibility environment, backed by association with United 
Technologies, whose R&D budget of $3.2 million per day ranks among 
the highest in U.S. industry. The renowned UTC Research Center and 
the United Technologies Microelectronics Center provide facilities for 
the latest advances in VLSI technology. 

As a result, we’ve got most of the career advantages computer 
professionals seek: good advancement prospects, strong manage- 
ment support, and, above all, the opportunity to work on highly ad- 
vanced systems, many of them one of a kind. 

You'll also enjoy a living environment that combines the proximity 
of the cultural advantages of Boston, with New Hampshire’s attrac- 
tive low-cost of living, freedom from State sales and income tax, and 
accessibility of summer and winter sports. 

And because we’re growing, we're also building. Temporarily 
housed in Hudson, New Hampshire, we have broken ground for a 
200,000 square foot faciity in nearby Merrimack. 


NORDEN 
HASITTIN - 


It’s the ideal connection, and Norden offers 

itto professionals with at least three years ex- 

perience in one of the following: 

»sDisk Memory Systems Design 

»Computer Hardware Architecture 

2Main Memory Design 

»Computer Processor Design 

«Peripheral Interface/Controller Design 

» Digital Logic/Discrete Circuit Design 

sMechanical Engineering/Electronics 
Packaging 

= Power Supply Design 

= Systems Software Design 

» Software Diagnostics Design 

=» Computer Systems 

Please send resume to Paul Barrett, Norden 

Systems, Inc., Dept. 302, 24 Flagstone Drive, 


Hudson, New Hampshire 03051, or call (collect) 
Paul Barrett at (603) 881-4700. 


Wy UNITED 
7 TECHNOLOGIES 


An Equal Opportunity Employer. 
U.S. Citizenship Required —_ "4p 


Advanced Military 
Computer Systems 


A recognized and respected name at 
the forefront of technological 
achievement, Sperry is a great place 
for talented and concerned profes- 
sionals. We provide dedicated, highly- 
motivated individuals with 
challenging projects as well as the 
technical and management account- 
ability to see an assignment through 
to completion. 


If you're a Senior-level CAD Specialist 
with at least 5 years experience, this 
can mean unique challenges, 
opportunities for innovation and 
achievement, and the recognition and 
rewards your efforts deserve. 


CAD DEVELOPMENT 


From design language and simulation 
through physical design of printed 


JL 
WT 


> it’s your project. 
see it through to completion... 
with Sperry! 


circuit boards and IC chips, Sperry 
Computer Systems has made 
computer aided design an integral 
part of its progress in the past decade 
The advent of VLSI technology now 
requires even more sophistication in 
the design methodologies, offering 
exciting opportunities for the 
CAD/CAM professional. We need 
system designers and programmers 
who can contribute to our CAD/CAM 
development projects in our computer 
systems design operations. 


CIRCUIT 
DESIGN 


Design with LSI/VLSI for controlled 
impedance multilayer assemblies; 
specify timing and interconnect of 
high density micro-electronic 
packaging; use CAD to interface with 


SIPERNRY 


logic designer, component designer 
and to evaluate components and circuits. 


LOGIC DESIGN 

Design logic, firmware; logic 
simulation and check out using 
ECL/VLSI technology and advanced 
CAD systems. 


Shape the future of sophisticated 
CAD technologies with Sperry at our 
facility in Roseville, Minn. Take this 
opportunity to learn about the 
challenges and rewards at Sperry by 
sending your resume or detailed letter 
of introduction to: Professional 
Staffing, Sperry Corporation, 
Computer Systems, P.O. Box 43942-D, 
MS4973, St. Paul, MN. 55164. 

An equal opportunity employer. 
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OPPORTUNITIES 


Harris Semiconductor, a leading broad based supplier of integrated circuits, located on 
Florida’s fabulous Space Coast, offers challenging marketing opportunities in the 
Bipolar Digital Products Division. 


Field Applications Manager - East & West Coast 


These positions will actively provide direct customer assistance for engineering analysis 
and evaluation of component and systems’ problems. Another aspect will be to present 
technical training materials and seminars to develop customer base which leads to 
strategic feedback on customer needs for future product development. Preparation of 
technical articles for component support will also be required. 


The positions require a BSEE or BSEET with bipolar experience in system design with 
logic and memory components. The individuals selected must be knowledgeable of 
microprocessor and microprocessor development systems and standard test equipment 
with emphasis on logic analyzers. 


Senior Marketing Manager 


A minimum of two years experience in systems design is a requirement for this Florida 
based position. Duties will be to establish customer interface, new product development 
which will include architectural definition, R & D interface, product specs, applica- 
tions/design notes, and computer software support for design-ins at customer's facility. 
Other responsibilities will be new product introductions to include R & D, product 
engineering, and developing marketing and sales requirements. 


A BSEE is required with experience in interfacing memory and logic with 
microprocessors into integrated systems. Bipolar technology/systems design a plus. An 
added plus is software experience. 


og == hy 


SALES OFFICES 


Home Office 


Director of Marketing 


Gene Pritchard 
Direct Marketing/ 


Classified Advertising 


Shirley Lessard 
List Rental 


Robert P. Dromgoole 


New England & Upstate New York 


Regional Manager 
Barbara Arnold 
119 Russell St. 


Littleton, MA 01460 


(617) 486-9501 


Middle Atlantic States, 
Long Island & Southeastern States 


Dick Busch, Inc. 
Richard V. Busch 


6 Douglass Dr., R.D. #4 


Princeton, N.J. 08540 


(201) 329-2424 
Eleanor Angone 
74 Brookline Ave. 


Other Positions are Available in Bipolar Design and Manufacturing. Gi yale NY 11561 
A competitive compensation package including relocation assistance is offered. Please 
send your resume and salary history to Mr. Wayne Bonn, Personnel Supervisor, Harris 


Corporation, Bipolar Digital Products Division, Post Office Box 883, Melbourne, Florida 


32901. 4 s 


an equal opportunity employer m/f 


Midwestern States & Colorado 
Berry Conner Associates 

Berry Conner, Jr. 

88 West Schiller St., Suite 2208 
Chicago, IL 60610 

(312) 266-0008 


2 MEGABYTE ERROR DETECTION | Wester States & Texas 
AND CORRECTION 

“warm MEMORY 

MW TTL 

BH HH HEHEHE 


Tom Boris 

John Sabo 

Terry Buckley 

2082 SE Bristol, Suite 216 
Santa Ana, CA 92707 
(714) 957-2552 

(408) 866-8735 

Terry Buckley 

M. Patricia Shay 
P.O. Box 278 
Campbell, CA 95009 
(408) 866-8735 

(714) 957-2552 


International 
International Sales Manager 
Eric Jeter—(713) 621-9720 
1200 Post Oak Blvd. 
Houston, TX 77056 


e Error Detection and Correction 
e Addressable in 16K byte blocks 
@ On Board Control Status Register 
© 1 year parts and labor warranty 


© Up to 2MB in one option slot 

© Functions with on-board refresh 
e Battery back-up capabilities 

e LED’s identify RAM problems 


U.K. and Scandinavia 
David Betham-Rogers 
David M. Levitt 

tel: 222-0744 

12 Caxton Street 


= : Beis : : 
MORE FROM CHRISLIN — The first of its kind!! The CI-796 EDC with up to 2MB and Westminster, London SW1H OQS 


ERROR DETECTION and CORRECTION in asingle slot option. The memory is compatible with 
8 or 16 bit multibus based systems. Worst case access and cycle times are 275 ns and 450 ns 
respectively (during error correcting read cycle). One of 3 refresh options to choose from 
—Internal, External, External with override. Give your system State of the Art Technology at 
Affordable Pricing! 


France, Belgium and 

S. Switzerland 

Daniel R. Bernard—354-5535 
Prominter, 247 rue Saint Jacques 
75005 Paris 

telex: 250303 Public Paris 

(Pour Prominter no. 9102) 


SINGLE QTY. PRICE: 128K x 9 $1195.00 
2MEG x 9 $6495.00 


512K x 9 $1495.00 


DON’T ASK WHY WE CHARGE SO LITTLE, ASK WHY THEY CHARGE SO MUCH. 


e’ Chrislin Industries, Inc. 


31352 Via Colinas ® Westlake Village, CA 91362 e 213-991-2254 
TWX 910-494-1253 (CHRISLIN WKVG) 
Multibus is a trademark of the Intel Corp. 
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Holland, Austria, W. Germany, 
Switzerland & Eastern Europe 

Heinz Gorgens—O 21 53/66 33 

Dr. Dieter Jaspers 

4054 Nettetal 1 

West Germany, Krugerpfad 1 *(TM) 


